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PREFACE. 


The  peculiar  character  of  the  volume  now  submitted  to  the  1 
scientific  world  imperatively  demancts  a  fuU  account  of  tlie  views  I 
wfaich  have  led  the  author  to  adopt  the  system  of  arrangement 
pursued  in  the  following  pages. 

The  great  number  of  works  hitherto  published  on  the  various 
branches  of  mechanical   engineering   may  generally  be   classed  ' 
under  two  heads — viz^  elementary  works,  describing  the  general 
principles  and  forms   of  steam-engines,  and  complete   treatLwe^ 
inolnding  detailed  descriptions,  scientific  disquisitions,  and  rules 
for  calcnlating  the  proportions  of  various  machines;   the   latter  i 
daas  also  occasionally  touching  upon  manufactures.     There  ap-  \ 
I  peared,  however,  to  be  a  very  obvious  chasm  in  the  literature  of 
I  mechanical  engineering,  some  treatise  being  required  ] 
I  the  following  qualifications : 

Practical  method,  portability,  conciseness,  and  the  exclusion  of 
iall  unnecessary  matter;  the  subject-matter  comprising  all  the  gen- 
I  enl  operations  connected  with  meehanical  engineering,  the  seien-  i 
I  tific  principles  and  examples  illustrating  the  present  condition  of 
I  nwchanieal  engineering.  In  the  hope,  therefore,  of  supplying 
I  to  practical  engineers  and  to  students  such  a  work  the  present  J 
I  ttvAtiao  has  been  written. 

The  account  of  the  processes  which  constitute  the  manufacture  J 
'  of  iron  commcncea  with  an  introduction  setting  forth  the  natural  I 
condition  of  the  minerals  irom  which  the  metals  of  oommerco  J 
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are  denved,  and  enumerating  the  operations  conducted  in  the 
fectory. 

In  the  first  chapter,  the  metallurgy  of  iron,  copper,  lead,  tin,  and 
zinc  is  considered ;  the  nature  and  localities  of  the  various  metal- 
liferous ores  being  described,  and  also  the  practical  methods  most 
usually  employed  for  the  reduction  of  metals  to  the  conditions  in 
■n-hich  they  occur  in  commerce ;  the  apparatus  required,  and  the 
principles  upon  which  their  action  depends,  and  the  mode  of 
working  them  being  also  included. 

Then  follows  a  description  of  the  various  processes  of  forging 
and  of  the  instruments  used  by  the  smiths.  After  which  the 
construction  of  patterns,  the  methods  of  forming  moulds  of  various 
kinds,  and  of  casting  metals,  are  discussed. 

The  form  and  action  of  the  cutting-tools  of  the  engineer  have 
been  carefully  detailed,  a  thorough  knowledge  of  the  requirements 
which  must  be  satisfied,  in  order  to  secure  their  correct  action, 
being  most  important,  though  a  proper  appreciation  of  the  fomw 
of  the  principal  machine  tools  is  scarcely  less  necessary ;  where- 
fore some  sound  examples  of  turning-lathes,  shaping,  slotting^ 
drilling,  planing,  and  other  machines,  have  been  illustrated  and 
described.  As  a  sequel  to  the  foregoing  descriptions,  an  accotmt 
of  workshop  manipulation  is  given,  so  far  as  it  admits  of  de- 
Bcripiion. 

The  physical  basis  of  the  steam-engine  is  next  considered,  the 
more  refined  methods  of  analysis  being  avoided,  so  as  to  retain  a 
strictly  practical  character.  Dr.  Joule's  equivalent  for  the  calcula- 
tion of  the  amount  of  work  to  be  obtained  from  a  given  quantity 
of  heat  is  inserted,  forming,  as  it  does,  a  convenient  means  for  the 
exprtsswji  of  quantities  of  heat.  But  it  is  derived  from  experi- 
ments upon  the  amount  of  heat  generated  by  friction  of  liquids; 
and,  therefore,  the  author  does  not  feel  justified  in  considering  its 
application  to  thermo-motive  engines  demonstrated,  the  facts  ex- 
tant being  insufiioient  for  this  purpose.     Stimer'a  and  Isherwood'a 
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•xperimeiits  on  the  practical  utility  of  asing  steato  expansively 
nave  also  been  discussed  at  some  lengtb. 

In  the  cbapter  on  the  Principles  of  Mechanical  Constmetion,  an 
attempt  has  been  made  so  to  generalize  the  theory  of  the  action 
trf  levers,  hydrostatic  presses,  kc,  aa  to  replace  by  a  simple  calcu- 
lation, easily  jemembered  and  applied,  the  numerous  rules  and 
formuhe  which  have  hitherto  been  ao  abundantly  supplied  for 
levers,  divided  into  various  orders,  and  for  other  machinery,  and 
which,  being  generally  given  without  any  notice  of  the  reasoning 
upon  which  they  are  based,  cannot  be  remembered,  and  frequently 
Krve  but  to  confuse  the  reader.  The  laws  of  falling  bodies  of 
rotatory  motion,  kc.,  are  also  explained. 

The  general  forms  of  steam-engines,  and  principles  of  steam- 
boilera.  and  qualifications  of  various  kinds  of  engines  are  briefly 
treated,  followed  by  lengthy  accounts  of  the  form  and  manulac- 
ture  of  each  principal  element  of  the  steam-engine,  after  which 
the  form,  action,  and  manuiactuTe  of  various  kinds  of  jiumps  and 
vaives  are  treated. 

Practical  formulse  for  the  length  of  boilers,  descriptions  of 
▼arioufi  kinds  of  boilers,  and  of  the  modes  of  constructing  them, 
alao  accounts  of  the  paddle-wheel,  screw,  and  hydraulic  propellers, 
with  miscellaneous  remarks  upon  some  of  the  applications  of 
■team-power,  have  also  received  due  attention;  and  particular 
stress  is  laid  upon  the  necessity  of  having  reliable  experiments 
upon  steam-engines,  and  attention  is  drawn  to  the  inferiority  of 
modern  engines  in  point  of  economy.  It  is  indeed  a  fact  much 
io  be  regretted,  that  notwithstanding  the  researehes  of  scientifio 
men,  and  the  labors  of  practical  engineers,  no  improvements  have 
"been  made  in  the  economy  of  the  steam-engine  since  1845.  The 
Temainder  of  the  work  is  occupied  by  descriptions  of  examples  of 
pamping,  rotative,  marine,  locomotive,  traction,  and  steam  fire- 
engines,  concluding  with  a  Glossary  of  the  technical  terms  used 
throughout  the  work. 


As  in  tlia  account  of  the  metallurgy  of  iron  notice  bas  been 
taken  of  tlie  effects  of  various  foreign  ingredients  with  which  tha 
iron  of  commerce  is  always  more  or  leas  contaminated,  it  bas  been 
thoaght  advisable  to  add  an  Appendix,  containing  the  various 
methods  of  analyzing  chemically  the  various  ores  of  iron  and 
specimens  of  iron,  so  as  to  enable  those  who  may  feel  disposed  to 
examine  for  themselves  such  samples  as  may  come  under  their 
notice. 

The  examples  of  the  machinery  illustrated  have  been  carefully 
selected,  and  every  means  taken  to  secure  correctness  of  the 
Plates. 

The  thanks  of  the  Author  are  due  to  manyi  scientific  gentlemen 
who  have  assisted  him  with  plans  and  information;  especially  to 
Thomas  Wickateed,  Esq.,  for  the  plana  of  the  large  pumping- 
engine  at  the  Grand  Junction  'Water-works,  designed  by  him  in 
1845 ;  the  Bolton ■and-'Watt  pumping.engine  at  the  East  London 
Water-works,  erected  in  1829 ;  Cornish  boiler  now  erecting  at  tho 
Scarborough  Water-works ;  also  for  valuable  information  concern- 
ing the  above,  and  the  new  pumping-engine  now  erecting  at  the 
Scarborough  Water -works.  To  C.  G.  Gumpel,  Esq.,  for  [ilans  of 
his  hydraulic  propeller,  information  concerning  the  same,  and  ex- 
periments performed  for  the  Author's  information  upon  the  same. 
Also  to  Messrs.  PuUan  and  Lake  for  plans  of  their  new  patent 
agricultural  locomotive,  and  for  the  information  respecting  the 
name  and  their  new  traction  engine. 


PREFACE 


TO  THE  AMERICAN  EDITION. 


<  ^-♦♦-♦- 


With  a  view  to  add  to  the  usefulness  of  Campings  valuable 
treatise  on  Practical  Mechanical  Engineering,  the  American 
publisher  has  added  to  it : 

"  Observations  on  the  Construction  of  Steam-Boilers ;  Ecmarks 
upon  Furnaces  used  for  Smoke  Prevention,  and  on  Explosions." 
By  Robert  Armstrong,  C.  E.  Revised,  with  Notes,  by  John  Bourne. 
"  Rules  for  Calculating  the  Change  Wheels  for  Screws  on  a  Tam- 
ing Lathe,  and  for  a  Wheel-cutting  Machine."  By  J.  La  Nicca. 
And  "  The  Management  of  Steel,  including  Forging,  Ilardcning, 
Tempering,  Annealing,  Shrinking,  and  Expansion,  and  the  Case- 
hardening  of  Iron."    By  George  Ede. 

Li  its  present  form,  he  feels  quite  confident  that  it  will  prove  to 
be  one  of  the  most  important  additions  to  the  literature  of  Prac- 
tical Mechanics  ever  made  within  the  limits  of  a  single  volume  m 
the  United  States. 


Philadelphia, 

November  2,  1863. 
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INTRODUCTION. 

ly  ibe  following  pages  we  purpose  to  treat  of  the  various  pro- 
cesses aad  manipulations  whicli  the  materials  employed  in  the 
construction  of  steam-engines  and  other  machinery  must  unilergo 
before  the  complete  machine  can  be  produceil.  We  think  it 
desirable,  before  proceeding  with  a,  practical  description  of  these 
proceases  aud  manipulations,  to  give  a  brief  account  of  the  order 
in  which  they  occur,  and  of  the  ends  which  they  are  intended  to 
ftilfi),  to  enable  us  subsequently  to  treat  each  branch  of  the  iron 
noanufactare  without  touching  upon  collateral  operations. 

Iron,  in  common  with  the  other  metals  generally  used  for  me- 
cfaanical  purposes,  does  not  occur  pure  in  nature,  but  is  invariably 

1  combined  with  other  substances,  from  some  or  all  of  which  it  must 
l>e  freed  before  it  is  fit  for  the  purposes  of  commerce.  In  order  to 
femove  these  foreign  ingredients  from  the  ores  or  minerals  in 
which  the  various  metals  occur,  sundry  chemical  and  mechanical 
icessea  are  required.  In  the  first  instance,  it  is  necessary  to 
remove  the  excess  of  argillaceous  matrix  with  which  many  ores 

\  are  contaminated.  Some  are  subsequently  roasted,  to  expel  moist- 
ure, Jte.  i  after  which  the  ores  may  be  smelted,  in  order  to  obtain 
in  a  state  of  greater  or  less  purity, — according  to  circumstances, — 
tbe  metals  contained  in  them.  This  process  of  smelling  is  of  a 
chemical  character,  and  consists  principally,  in  the:  case  of  iron, 
ID  depriving  the  metallic  oxide  of  its  oxygen,  which  is  effected  by 
aos  of  carbon  at  a  high  temperature,  which  hasa  greater  affinity 
for  that  element  than  has  the  ferruginous  OAterial.  In  the  case 
a  17 
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however,  of  ores  consisting  of  melallic   sulptiitlcA   a   somewm^ 
different  course  ia  requisite,  as  will  be  hereafter  explained. 

After  smelting,  iron  is  usuallj  obtaineJ  as  cast-iron,  which, 
when  bar-iron  ia  required,  must  undergo  some  further  purification. 
We  may  here  pause  to  explain  the  physical  and  chemical  dis- 
tinctions existing  between  cast  and  wrought-iron.  Cast-iron  con- 
tains many  impurities,  consisting  principally  of  silicon,  manganese, 
carbon,  sulphur,  phosphorus,  aluminium,  and  sometimes  traces  of 
copper,  arsenic,  and  other  foreign  metals.  Most  of  these  elementa 
may  be  removed  by  oxidation  in  the  form  of  slag,  and  in  the 
removal  of  the  impurities  chiefly  consists  the  conversion  of  cast- 
iron  into  wrou'^ht-iron;  and  the  process  may  be  conducted  by 
exposing  a  large  surface  of  the  heated  metal  to  the  oxidizing 
influence  of  the  atmospheric  air. 

Another  material  which  we  must  here  mention  is  steel.  This 
consists  of  nearly  pure  iron,  combined  with  a  small  portion  of  car- 
bon, and  perhaps  of  nitrogen  also.  The  subject  of  the  action  of 
nitrogen  in  the  production  of  acieration,  as  the  conversion  of  iroQ 
into  steel  is  termed,  is  a  point  upon  which  there  has  recently  been 
much  discussion,  and  some  very  interesting  experiments  by  MM. 
Caron  and  Fremy.  The  latter  has  found  that  by  exposing  pure 
iron  at  a  high  temperature  to  the  action  of  ammonia,  nitrogen  ia 
thereby  absorbed,  which  enables  the  metal  subsequently  to  take 
up  a  portion  of  carbon  from  certain  carburettcd  gases.  This  effect, 
however,  is  not  well  accounted  for,  as  it  is  not  by  any  means 
proved  that  cyanogen  is  formed  during  the  operation;  we  must, 
therefore,  for  the  present,  content  ourselves  with  the  fact  that  steel 
is  thus  produceil,  waiting  for  further  experiment  to  explain  the 
theory  of  its  production. 

It  is  not  to  be  expected  that  a  quantity  of  foreign  elements  will 
exist  alloyed  or  combined  with  a  metal,  without  producing  a  very 
marked  change  in  its  physical  properties;  and  thus  we  find  that 
cast-iron  is  very  widely  different  in  its  nature  from  wrought-iron. 
Cast-iron  is  granular,  brittle,  rigid,  elastic,  and  offers  but  little 
resistance  to  tensile  force,  although  it  well  withstands  compression; 
whereas,  on  the  other  hand,  wrought-iron  is  fibrous,  tough,  flexible, 
offers  great  resistance  to  tensile  force,  but  not  so  much  to  com- 
pressive force.  Tliese  are  the  general  characteristics  of  the  two 
materials;  but  various  specimens  of  them  exhibit  diffcreut  degrees 
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PVstren.th,  areorJiog  to  tbeir  composition.  Phosphorus,  sulphur, 
MBd  gilieon  appear  to  be  higlily  injurious;  whereas  titanium, 
aickol,  and  perhaps  roangaae^e,  exert  a  contrary  actioo.  Steel, 
besides  possuasing  in  a  high  degraa  the  qualities  of  wrought-iron, 
hen  in  a  soft  state,  admits  also  of  being  raised  to  various  degrees 
of  hardness.  The  processes  of  hardening  and  tempering  are  very 
mmp!e,  and  are  tlim  conducted : — The  steel  to  be  hardened,  having 
beun  raised  to  a  reJ-heat,  is  plunged  into  water,  or  other  cooling 
medium,  whereby  a  very  great  state  of  hardness  ia  obtained.  The 
fracture  is  then  crystalline.  Sti-el  in  thi.s  ojndition  is  unfit  for  the 
.gener.ility  of  purposes,  and  therefore  requires  to  be  tempered  pre- 
vious to  use;  to  effect  this,  it  ia  gradually  heated,  becoming  the 
softer  iha  higher  the  temperature  to  which  it  is  raised;  the  proper 
point  of  temper  is  a.scertaine.1  by  the  color  eshibiied  by  a  film 
of  oxide,  which  forms  on  the  exterior  of  the  metal.  This  color  is 
probably  produced  by  the  interference  of  light,  which  is  caused 
by  a  ray  of  light  striking  the  upper  surface  of  the  film,  a  part 
of  it  being  immeliately  reflected,  whilst  another  portion  passes 
through  the  film  with  refraction,  and  is  reflected  from  its  lower 
sarCioe,  when,  if  the  film  be  thin,  it  frequently  happens  that  some 
of  the  component  rays  reflected  from  the  lower  surface  interfere 
wiih  and  neutralize  some  of  those  previously  reflected  from  the 
upper  surface.  Steel  works  for  various  purposes  are  thiLs  with 
certainty  prepared  with  the  proper  temper:  for  coach-springs  and 
similar  articles,  it  is  tempered  lo  a  blue  tint;  for  small  springs, 
such  as  the  spiral  and  blade  springs  made  in  the  smaller  ma- 
chinery, the  metal  is  raised  to  sucli  a  heat  as  will  impart  to  it  a 
pale-blue  tint;  for  cutting-tools,  the  color  is  straw-yellow,  vary- 
ing in  shade  according  to  the  manner  in  which  the  tool  is  tu 
W  used. 

We  must  now  offer  a  few  remarks  upon  the  other  materials 
with  which,  subsequently,  we  shall  have  to  deal.  Copper,  as  used 
ia  commerce,  is  prepared  in  a  state  of  comparative  purity;  but  the 
processes  required  for  its  reduction  are  exceedingly  complicated. 
five  or  six  operations  in  reverberatory  furnaces  being  necessary 
fi)r  the  reduction  of  sulpliide  of  copper.  The  metal  is  ductile,  but 
requires,  when  being  worked,  to  be  frequently  annealed;  it  may 
he  wrought  under  the  hammer  cold,  but  works  better  at  a  slight 
elevation  of  temperature.     It  has  been  found  that  the  additiou 
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of   a  small   qnantity   of    phogphoma    materially   impTOVes    vimt 
Mrenglh  of  copper  ;  lor  although  this  element  is  no  detrimental  toil 
iron,  yet  when  it  is  combined  with  copper  in  tlie  proportion  of  two^l 
to  fuur  per  cent.,  it  imparts  tu  that  metal  considerable  hardness  andfl 
tenacity  ;  its  tensile  resistance  then  becoming  about  four-flftha  of  ■ 
that  of  ordinary  iron,  or  two-thirtls  of  that  of  the  Low-Moor  iron-  ^ 
plates.     Alloys  of  copper  with  aluminium  have  the  advantage  of 
homogeneity  and  tenacity;   but  from  the  fact  that  aluminium  is 
powerfully  affected  by  alkaline  substances,  its  use  is  for  many  pur- 
poses preduded.     Copper,  when  combined  with  about  four  per 
cent,  of  silicon,  possesses  the  bardna^  of  steel  and  the  tenacity  of 
■wrought-iron,  and  if  this  alloy  could  be  manufactureti  on  a  large 
Bcale  with  convenience,  it  would  doubtless  be  found  applicable  to  a 
great  variety  of  purposes.     It  may  be  interesting  here  to  mention 
the  method  of  combining  the  phosphorus  and  copper,  as  advised 
■fay  F.  A.  Abel,  Esq.,  Director  of  the  Chemical  Establishment  of 
the   War   Department,     The  phosphorus  should   be  coaled  with 
copper  by  immersing  the  pieces  in  a  solution  of  sulphate  of  copper ; 
after  which  process  they  may  be  handled  with  perfect  safety,  and 
when  they  are  thrown  into  the  molten  metal,  the  external  film  of 
copper  will  efficiently  protect  them  from  oxidation  during  the  very 
abort  period  required  for  combination.     One  of  the  most  important 
alloys  of  copper  is  brass,  though  gun-metal  is  perhaps  almost  as 
extensive  in  its  applications.     The  strength,  however,  of  brass  ia 
not  by  any  means  equal  to  that  of  the  phosphorus  and  copper  alloy. 

The  metals,  tin,  lead,  and  zinc,  will  also  demand  some  considera- 
tion, but  it  is  unnecessary  here  to  comment  farther  upon  them. 

Having  concluded  our  introductory  remarks  upon  the  earlier 
processes  of  metallurgy,  we  may  proceed  to  mention  the  branch  of 
manufacture  of  which  we  purpose  next  to  treat.  This  includes  the 
forging  of  metal  both  by  hand  and  by  steam-power ;  and  also  the 
various  methods  of  reducing  the  materials  to  the  required  size  and 
form.  In  this  section  we  shall  also  refer  to  the  formation  of  wood- 
patterna,  as  the  models  from  which  castings  arc  usually  made  are 
called.  3n  this  part  we  shall  most  particularly  explain  the  con- 
struction and  method  of  using  the  tools  and  machinery  with  which 
the  workmen  must  be  provided,  in  order  accurately  to  execute  the 
manipulations  with  which  they  are  engaged. 

Our  next  subject  will  comprise  the  theory  or  principles  upon 
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whicli  the  construction  of  the  steam-engine  generally  is  based,  a.s 
also  that  of  other  machinery  ;  but  we  shall  not  seek  here  to  enter 
into  very  elaborate  arguments  or  demonstrations,  but  rather  to  ex- 
plain in  the  simplest  and  most  succinct  manner  well-established 
facts,  with  which  it  is  important  for  every  practical  man  to  be  ac- 
quainted. We  shall  also  include  in  this  section  simple  rules  for 
proportioning  the  various  parts  of  machinery. 

The  remainder  of  the  work  will  be  occupied  with  descriptions 
of  the  various  forms  of  steam-engines  usually  applied  to  manufac- 
turing, marine,  and  locomotive  purposes. 

We  will  now  conclude  these  brief  introductory  remarks,  which 
may  be  regarded  as  an  account  of  the  branches  of  manipulative 
science  which  we  purpose  discussing,  and  proceed  with  the  detailed 
consideration  of  the  same. 


Before  proceeding  with  a  descriptioQ  of  tbe  processes  employed 
m  tbe  metallurgy  of  iron,  it  is  necessary  to  enumerate  the  minerals 
from  which  it  is  uaually  obtained.  Those  which  contain  at  least 
twenty  per  cent,  of  metal  are  usually  considered  ores,  but  if  they 
contain  less  they  are  regarded  as  fluxes,  the  use  of  which  in  metal- 
lurgical operations  will  subsequently  be  indicated.  Ores  of  iron 
are  very  widely  disseminated,  being  found  as  beds  in  the  Bedimen^ 
ary  rocks,  or  as  veins  and  massive  deposits  in  tbe  older  forma- 
tions, in  which  position  the  most  valuable  ores  are  obtained.  They 
frequently  occur  beneath  the  coal-measures,  which  arrangement  ia 
exceedingly  convenient,  the  fuel  for  the  manufacture  being  found 
on  the  same  spot  with  the  ferruginous  minerals.  In  some  of  the 
North  American  States,  and  in  other  places,  magnetic  iron-sand 
occurs  in  the  drift  at  tbe  foot  of  mountain-ranges,  and  bog-iron 
ores  arc  also  occasionally  found  in  a  similar  position.  In  the  cre- 
taceous system,  large  deposits  of  ferruginous  sand  occur,  but  on 
account  of  their  low  yield  they  have  never  been  extensively 
worked.  Below  the  cretaceous  system  there  are  some  extensive 
deposits  of  iron,  which  were  formerly  worked  in  Hampshire  and 
Sussex,  the  metais  being  reduced  by  charcoal  supplied  from  the 
neighboring  forests;  these  are,  however,  at  the  present  day  neg- 
lected. In  Northamptonshire  and  the  Cleveland  district  of  N»rth 
Yorkshire  are  found  beds  of  oolitic  iron-ore,  sometimes  of  a  thick- 
ness of  twenty  feet,  and  affording  in  many  instances  thirty-three 
per  cent,  of  metal.  A  few  thin  beds  occurring  in  the  Has  formation 
have  been  partly  worked  in  Lincolnshire  and  Yorkshire,  but  they 
are  not  rich  in  metal ;  in  this  formation,  magnetic  iron-sand  and 
small  portions  of  hematite  also  occur.  Tlie  iron-works  of  this 
country,  however,  arc  supplied  principaUy  from  the  earthy  cariion- 
ates  of  the  coal-mcasurea,  from  which  excellent  metal  is  obtained. 
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The  c/)al-fields  of  Somh  Wales,  Staffurdahire.  YorkaLire,  Scot- 
land. North  Wales,  Sliropabire,  aad  Warwickaliire,  contaia  abund- 
ant deposits  of  this  ore. 

When  the  iron  ores  bave  been  raised  to  the  surrace,  the  first 
ralioQ  consists  in  the  cleansing  of  them.  The  earthy  carbonates 
of  the  coal   formations  are  placed  in  Leaps,  and  lefl  for  several 
months,  after  which  it  will  be  found  that  the  excess  of  adhering 
clay-shale  has  become  separated  by  the  action  of  the  atmosphere, 
leaving  the  ores  clean  and  fit  for  the  furnace.     The  oolitic  ores  and 
le  magnetic  oxides  and  rich  hematites  of  foreign  countries  are 
uently  cleansed  by  making  use  of  the  superior  specific  gravity 
of  the  ferruginous  portion  of  the  products;  but  in  England  the 
hematites  undergo  no  other  preparation  than  a  partial  hand-picking 
to  separate  large  masses  of  refuse  matter.     We  may  now  explain 
the  theory  of  the  reduction  of  iron.     If  an  oxide  of  iron  be  highly 
Seated  in  contact  with  carbon,  the  latter,  having  a  greater  affiaity 
iban  the  former  for  oxygen,  takes  it  from  the  ferruginous  oxide, 
lereby  eliminating  the  metal.     It  is,  however,  necessary  to'pro- 
ide  some  substance  readily  fusible,  in  order  to  dissolve  certain 
ipurities ;  such  substances  are  called  fluxes.     They  should  be  in- 
capable of  holding  in  solution  any  considerable  quantity  of  iron. 
Chalk  forms  an  excellent  flux,  but  limestone  is  the  cheapest  mate- 
rial, and  therefore  most  frequently  employed.     It  may  be  interest- 
ing here  to  Insert  a  list  of  the  ores,  fuels,  and  fluxes  used  in  some 
of  the  principal  works  of  Great  Britain.     At  the  Whitehaven 
foundry,  hematite  ore  of  a  very  pure  character  is  employed,  and  ia 
luced  by  means  of  a  mixture  of  Newcastle  coke  and  coke  manu- 
iured  at  the  works  as  fuel,  with  Whitehaven  limestone  and  black 
lie,  consisting  of  clay  and  carbonaceous  matter,  as  fluxes.     A 
inaple  of  this  ore  when  drie^l  contained  sixty-nine  per  cent,  of 
,lio  iron,  generally  pure,  containing  a  large  amount  of  silicon. 
.t  the  Soutb-Bauk  furnaces  an  earthy  carbonate  of  iron  with  sili- 
ia  H8e<l  containing  thirty-five  per  cent,  of  metal,  with  a  bard 
iriety  of  coke  as  fuel,  and  dark-gray  limestone  for  flux.     At  the 
iUtterley  works,  blue-rake  and  brown-rake  ores  are  used,  the  latter 
itaining  about  thirty  per  cent,  of  metal;  Brand's  hard  coal  is 
fuel,  and  Bnllbridge  or  Crawford  limestone  the  flux.  At  Lay'u 
ID-works,  a  mixlure  of  various  ores  is  employed;  the  fuel  is  a 
llzture  of  Durham  and  Derbyshire  Tbickbone  cokes,  with  Frog- 
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Lall  and  Dudley  limestone  aa  flux.  At  tbe  Heyford  iron-worka 
ocbrey-trowii  ironstone,  conuimng  about  thirty-nine  per  cent,  of 
metal,  is  reduced  by  coke  prepared  from  tbe  coal  of  the  Somh- 
YorksLire  Hailway  Company,  fluxed  with  limestone  consisting  of 
an  agglomeration  of  fossil  shells.  The  Ystalyfera  iron  is  produced 
from  clay,  iron-stone,  and  hematite,  the  fuel  being  anthracite  coal, 
and  the  flux  a  light-colored  limestone.  These  remarks  are  ex- 
tracted from  the  recent  Report  on  Cast-iron,  ordered  by  the  House 
of  Commons  to  he  printed,  on  July  30th,  1858.  We  may  now 
pass  on  to  describe  the  ordinary  process  of  smelting.  For  the 
reduction  of  iron  a  bla.st -furnace  is  used  of  the  form  shown  in 
Plate  I. ;  but  previous  to  smelting  the  ore  it  is  sometimes  necessary 
to  calcine  it,  which  is  effected  in  a  kiln  of  the  form  shown  at  Fig. 
1.     The  kiln  in  which  the  ore  is  calcined  is  usually  built  in  ths 

Fig-  1- 


rear  of  the  blast  furmce  the  „  nci  il  fcrm  being  that  of  the  in- 
verted fru<<trura  of  a  cone  the  di-imeter  at  top  is  usually  about 
eight  or  nine  feet  and  the  height  fourteen  or  fifteen  feet,  with  a 
bottom  width  of  two  feet  At  the  bottom  of  the  kiln  is  an  aper- 
ture through  which  the  caLined  ore  may  be  withdrawn,  and  also 
ft  number  of  apertures  for  the  admission  of  air;  ahove  the  kiln 
runs  a  railroad  along  which  loaled  waggons  pass,  and  deliver  the 
contents  mto  the  kiln  The  general  arrangements  are  best  seen 
from  tbe  section  above  referred  to 

When  about  to  ojierate  with  a  new  kiln,  the  following  course  la 
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VBoally  pursued  :  a  fire  is  lighted  on  the  floor,  nnd  as  soon  as  full 
igDJtioQ  is  obtained  otlier  fuel  is  added,  with  alternate  strata  of  ore, 
until  the  kiln  is  filled,  care  being  taken  to  work  the  kiln  so  that 
'   these  strata  descend  uniformly,  being  exposefl  to  a  higher  tempera- 
I  tare  at  the  upper  part  of  the  kiln,  where  active  combustion  ia 
"  maintained;  tlie  temperature  diminiahing  as  the  ore  passes  towards 
the  aperture,  through  which  it  ia  subsequently  withdrawn.     If  the 
operation  of  calcining  be  continuous,  which  is  most  advantageous, 
the  kiln  requires  to  be  filled  regularly  and  continuously  over  its 
entire  area,  as  irregularity  or  negligence  in  conducting  the  process 
of  calcination  will  result  in  loss  of  economy-     It  is  also  neceaaary 
I   that  the  ore  should  be  broken  into  pieces  of  uniform  size.   In  some 
I'  districts  the  ore  is  calcined  in  the  open  air,  hut  this  method  of  pro- 
l  tiedure  is  far  from  satisfactory.     The  perfect  calcination  results  in 
the  expulsion  of  its  volatile  constituents,  such  as  water,  carbooio 
acid,  sulphur,  and  organic  matter.     By  this  process,  also,  any  pro- 
toxide of  iron  which  may  exist  in  t!ie  ore  is  converted  into  per- 
,  oxide. 

I  Generally  it  is  considered  advisable  to  calcine  ores  of  the  same 
I  formation  together;  but  if  any  particular  sample  should  contain 
I  much  sulphur,  it  is  desirable  to  treat  it  by  itself,  in  order  to  avoid 
I  contaminating  cleaner  samples.  The  expulsion  of  sulphur,  when 
I  it  exists  in  considerable  quantity,  is  faciliiated  by  the  introduction 
B  of  a  jet  of  steam  with  atmospheric  air,  whereby  the  sulphur  passes 
I  off  in  combination  with  hydrogen,  the  metal  remaining  oxidized. 
I  The  calcination  being  completed,  the  ores  are  ready  to  be  sub- 
I  ject«d  to  the  action  of  the  blaat-furuace.  A  section  of  one  of  these 
m  structures  is  shown  on  Plate  I. ;  it  consists  of  two  truncated  cones, 
I  joined  at  their  widest  extremities;  the  bottom  of  the  furnace  is 
I  called  the  hearth,  and  the  lower  part  of  the  lower  cone  the  boshes, 
■:and  is  constructed  of  fire-brick,  or  of  a  very  refractory  material 

■  called  fire-stone.  This  part  of  the  furnace  is  subjected  to  a  very 
Lintense  heat,  and  it  is  therefore  necessary  to  construct  it  of  such 

■  material  as  may  be  sufficiently  durable.  To  prevent  the  oocur- 
Irience  of  a  sharp  ansle  where  the  two  eonea  are  joined,  either  a 
wcurve  or  a  narrow  cylindrical  belt  ia  inaeried,  whereby  the  edges 
B-sre  rounded  off,  and  a  space  formed  which  is  called  the  belly.  The 
rvpper  cone  or  body  of  the  furnace  is  formed  by  an  inlerior  lining 
■of  fiie-bricks,  which  is  again  enveloped  in  a  casing  made  up  nf 
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broken  scorite  or  refractory  sand,  whereby  the  internaTlmiii^ff 
phirt  of  the  furnace  is  separated  from  the  external  coating  of  fire 
bricks,  which  is  supported  by  a  mass  of  masonry  composed  of 
stone  anii  common  stock-bricka.  The  opening  at  the  top  of  the 
furnace  is  called  the  throat  or  tunnel-hole,  and  is  surmounted  by  a 
chimney,  in  which  there  are  openings  through  which  the  ore,  fuel, 
and  flux  are  supplied  to  the  furnace.  Air  is  supplied  to  the  fur- 
naiie  by  tuyeres  or  "tue  irons,"  as  they  are  sometimes  called,  con- 
slating  of  nozzles,  through  which  the  blast  is  forced.  In  practice 
it  ia  found  advantageous  to  build  the  furnaces  at  the  bottom  of  a 
declivity,  so  that  the  summits  may  be  connected  by  a  bridge  at  the 
neighboring  high  ground,  in  order  to  facilitate  the  supply  of  fuel, 
&o. ;  if,  however,  this  cannot  be  done,  ihey  must  be  raised  by  an 
inclined  plane,  or  by  a  hydraulic  lift,  or  some  other  convenient 
means.  The  dimensions  of  these  furnaces  differ  widely,  according 
to  the  nature  of  the  product  desired  and  of  the  ores  operated  upon : 
the  height  varying  from  thirty-six  to  seventy  feet,  the  most  com- 
mon height  being  about  fifty  feet ;  a  furnace  of  this  height  produc- 
ing on  the  average  about  sixty  tons  of  cast-iron  per  week. 

The  blowing- machine  ordinarily  employed  for  supplying  tha 
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blast  to  the  furnace  is  of  the  form  shown  Fig,  2.  It  consists  of -j 
large  cast-iron  cylinder,  accurately  bored,  and  provided  with  aii 
air-tight  piston  [  the  cylinder  is  closed  at  both  extremities  by  iron 
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covers,  a  stulEng-box  being  attached  to  the  upper  cover,  tlirougb 
wUich  the  piston-rod  passes ;  the  whole  formiDg  a  double-acting 
pump,  driven  by  a  beam-engine. 

We  will  now  describe  the  method  of  working  practically  the 
blast- fa rnace.  Let  us  suppose  that  the  furnace  is  newly  erected. 
It  is  first  requisite  to  light  it.  To  prevent  the  masonry  from  being 
exposed  to  the  injurious  influence  of  sudden  heat,  the  lighting  13 
comm*rticed  by  igniting  a  quantity  of  loose  fuel  in  the  arch  form- 
ing the  breast  of  the  furnace.  After  some  days,  when  it  is  suf- 
ficiently heated,  fuel  is  thrown  in  through  the  throat,  and  allowed 
to  rise  as  far  as  the  middle  of  the  boshes ;  when  the  drying  is  still 
further  advanced,  the  whole  internal  cavity  is  gradually  filled  up 
witJi  fuel,  after  which  the  blast  is  gradually  and  cautiously  applied, 
being  supsequently  raised  to  its  full  pressure.  When  the  fuel  is 
sufficiently  sunk,  a  small  charge  of  tlic  ore  and  flux  is  spread  over 
it;  after  which,  alternate  layers  of  fuel,  ore,  and  flux  are  added. 
The  blowing- machine  is  almost  invariably  worked  by  steam-power 
and  upon  the  average  it  may  be  calculated  that  one  horse  power  iB 
fequired  in  the  blowing  engine  for  every  two  and  a  half  tons  of 
metal  produced  per  week.  In  one  of  the  Welsh  smelting- works 
it  was  tbund  that  furnaces  proilucing  sixty  tons  of  cast-iron  per 
week  consume,  on  an  average,  three  thousand  six  hundred  cubic 
feet  of  air  per  minute,  the  power  expended  being  one  horse  for 
every  two  and  a  tenth  tons  of  metal  per  week.  In  the  Continental 
furnaces,  where  charcoal  is  used,  the  blast-pressure  frequently  does 
not  exceed  half  a  pound  per  square  inch.  For  coke,  the  pressure 
is  from  one  and  a  half  to  three  and  a  half  pounds  per  square  inch, 
the  average  being  atxjut  two  and  a  half  pounds.  The  furnaces  aro 
sometimes  worked  with  hot  blast,  and  to  heat  the  blast  of  a  furnacu 
producing  sixty  tons  per  week  to  the  temperature  of  600°  Fahren 
heit,  about  thirty-two  tons  of  coals  will  be  consumed  weekly,  being 
a  little  more  than  one-half  the  weight  of  the  metal  produced.  But 
the  blast  is  also  sometimes  heated  by  the  combustion  of  gases 
drawn  off  from  the  upper  part  of  the  furnace,  before  they  have 
become  ignited  by  contact  with  the  atmosphere.  Various  means 
of  effecting  this  have  been  devised,  but  we  shall  not  here  occupy 
more  space  with  the  description  of  them.  The  cast-iron  produced 
in  the  blast-furnace  is  usually  run  out  into  troughs  formed  in  sand, 
from  the  sides  of  which  smaller  troughs  branch  out.     The  iron 
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formed  in  the  main  troughs  is  termed  "sow,"  and  that  in  tb« 
emaller  branchea  "pig,"  which  latter  ia  supposed  to  be  of  better 
quality.  The  iron  in  this  condition  is  ready  to  be  nsed  for  cast- 
ings, or  to  be  converted  into  wrought-iron.  Of  the  former  pro- 
csesa  we  shall  treat  hereafter :  we  will  now  proceed  to  coaaider  the 
latter. 

There  are  various  methods  employed  for  the  refining  of  iron, 
but  we  shall   here  confine  our  attention  to  the  English  process. 
The  transformation  of  cast  into  wrought-iron  is  eflected  by  means 
of  pit-coal  or  coke  in  two  consecutive  operations ;  in  the  first  it  is 
heated  in  a  furnace,  which  is  usually  built  on  a  mass  of  briukwork 
about  nine  feet  square,  the  aides  of  the  fireplace  being  formed  of 
hollow  castriron  troughs,  through  which  water  is  constantly  circu- 
lating^ in  order  to  prevent  their  fusion.     The  metal  is  fused  in  this 
iiirnace,  and  subjected  to  the  action  of  the  blast,  whereby  a  consid- 
erable portion  of  its  carbon  is  oxidized  and  removed,  and  also  I 
nearly  the  whole  of  its  silicon.     The  metal,  which  is  usually  cot-  J 
ered  with  blisters,  is  then  run  out  into  flat  moulds.     A  section  isJ 
shown  at  Plate  II.  I 

The  further  purification  or  puddling  is  conducted  in  a  reverber^J 
tory  furnace,  when  the  remaining  impurities  are  to  a  great  eictentn 
removed  by  oxidation.  The  puddling  of  fine  metal  from  than 
refinery,  is  thus  conducted.  The  sole,  or  centre  part  of  the  furnaca|.fl 
is  charged  with  broken  metal,  rich  slag,  and  iron  scales;  thedoorafl 
and  sides  of  the  furnace  are  now  closed,  and  fuel  thrown  on  thdn 
grate.  When  the  metal  begins  to  melt,  the  door  is  opened  and  thai! 
charge  continually  stirred  until  it  arrives  at  a  pasty  state,  wheitl 
the  fire  is  lowered.  The  metallic  bath  now  appears  to  boil,  frooil 
the  evolution  of  carbonic  oxide,  which  burns  on  its  surface  with  ftl 
blue  flame.  The  stirring  of  the  mass  is  then  continued  until  UiM 
becomes  sandy,  and  subsequently  of  an  uniform  granular  appear-^ 
ance.  The  iron  is  now  said  to  work  heavily,  and  a  portion  of  then 
scoria  runs  off;  after  which  the  iron  is  formed  into  balls,  heated  ilM 
the  hottest  part  of  the  furnace,  and  the  slag  expressed  under  iM 
hammer  or  squeezer.  The  charge  of  a  puddling- furnace  is  usuallyB 
■from  three  and  a  half  to  five  tons.  A  section  of  one  form  of  n 
revorberatory  furnace  is  sliown  at  Plate  III.  ^ 

We  may  here  mention  Mr.  Bessemer's  process  for  refining  irotu  j 
This  consists,  firstly,  in  running  the  fiuid-iron  from  the  furaaoQ  1 
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into  a  closed  or  nearly  closed  vessel,  after  which  air  is  forced 
through  it,  thereby  affording  oxygen  sufficient  to  cause  combustion 
of  the  iron,  and  the  oxidation  of  other  impurities.  A  section  of 
the  vessel  used  is  shown. — Fig.  3. 


Mr.  Clay  has  also  proposed  to  rc-Oiie  iron  by  a  process  of  grana- 
lation  produced  by  dropping  iron  from  the  top  of  a  lofly  tower 
into  a  water-tank,  in  the  same  manner  that  lead  shot  is  cast,  and  it 
is  stated  that  by  this  method  so  large  a  surface  is  exposed  to  the 
oxidizing  influence  of  the  air  that  the  metal  ia  purified  by  the  j 
oxidation  of  its  foreign  ingredients. 

It  has  also  been  proposed  to  oxidize  the  impurities  by  allowing 
the  molten  metal  to  fall  upon  a  cone  a  few  feet  fi'om  the  floor, 
whereby  the  crude  iron  should  become  finely  divided,  thereby 
exposing  a  considerable  surface  to  the  action  of  the  atmosphere. 

We  have  yet  to  speali  of  the  formation  of  steel,  but  on  thi^ 
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subject  we  will  be  exceedingly  brief.  The  wrought-iroii  intended 
to  be  converted  into  steel  is  usually  drawn  out  into  bars,  wliioH 
are  subsequently  packed  in  powdered  charcoal  in  large  cases,  anS 
there  exposed  in  a  suitable  furnace  to  a  bright-red  heat,  until  the 
metal  has  taken  up  a  sufBcient  portion  of  carbon  to  convert  it  into 
steel.  Steel  may,  however,  also  be  formed  by  subjecting  wrought- 
iron  at  a  high  temperature  to  the  action  of  a  carburetted  gas.  '  ~ 
section  of  the  furnace  used  for  this  process  of  cementation  is  show: 
at  Fig.  4. 

We  will  now  turn  our  attention  to  the  metallurgicn!  operatioi 


required  for  the  manufacture  ol  c.  ,  |  r  1  he  ores  of  copper  ara 
principally  found  m  the  pnm^i^  .mil  lower  transition  rocks.  Red  ' 
oxide  of  copper  is  an  ore  of  a  bright  red  color,  specimens  of  which 
maybe  found  in  Cornwall,  Saxony,  France,  Siberia,  Brazil,  and 
the  Lake-Superior  district.  Black  oxide  of  copper  occurs  ia 
granular  masses  of  velvety-black  color ;  it  occurs  in  small  quan- 
tities in  Coruwall,  and  more  abundantly  in  France,  Siberia,  and 
South  Australia ;  but  it  is  found  in  the  largest  quantities  in  the 
Lake-Superior  district.     Carbonate  of  copper  is  commonly  found 
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m  renifonn,  mam  mi  Hated,  or  (jotryoklal  maasea.  It  is  found  \a 
Siberia,  South  Australia,  and  Cornwall,  and  contains  about  fifty- 
five  per  cent,  of  metallic  copper.  Sulphuret  of  copper  is  the  moat 
abundant  deposit  of  copper  in  the  whole  worhl,  and  of  this  many 
species  occur ;  but  the  most  common  ore  in  England  is  the  sul- 
phuret of  copper  and  iron,  the  extensive  copper  mines  of  Cornwall 
and  Devon  being  principally  wrought  upon  this  ore.  The  first 
process  of  which  we  have  to  speak  is  the  cleansing  of  the  ores. 
The  ore  is  first  crushed  and  aifted,  and  subsequently  washed  or 
jigged:  which  consists  in  placing  the  ore  in  a  sieve  in  a  cistern 
of  water,  and  jerking  it  up  and  down.  By  this  means  the  portions 
of  ore  are  momentarily  suspended  in  the  water,  and  are  presently 
found  to  arrange  themselves  with  the  largest  pieces  at  the  bottom, 
and  the  smaller  fragments  above.  The  hand  process  of  jigging  is, 
however,  applicable  only  to  small  pieces  of  ore  ;  and  when  larger 
quantities  are  to  be  dealt  with,  machinery  driven  by  steam  or 
water  power  is  substituted  for  the  hand-sieve.     The  round  huddle 
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ia  also  used  for  cleansing  copper  ores.  This  apparatus,  of  which  it 
I  KCtioQ  is  shown  at  Fig.  5,  consists  of  a  conical  bed,  on  the  centre 
I  of  which  a  stream  of  water  continually  pours,  where  the  ore  la 
I  also  supplied,  being  uniformly  distributed  by  means  of  brushes 
I  suspended  from  arms  on  a  vertical  spindle.  The  specific  gravity 
lof  the  ore  on  this  apparatus  determines  its  position,  the  richest 
kmineral  being  deposited  at  the  centre,  the  deposit  diminishing  in 
Ivftlue  towards  the  outer  edge  of  the  buddle,  where  a  broad  ring 
lof  tailings,  or  refuse  matter,  is  taken  out ;  the  ores  thus  cleaned 
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are  ready  for  the  smelter.-  The  smelting  of  copper  is  conductedEj 
in  reverberatory  furnaces,  differing  slightly  in  form,  the  treatmenfrl 
being  complicated,  the  mineral  undergoing  ten  operations.  In  tb»:* 
first,  the  ores  are  roasted  or  calcined  in  order  to  volatilize  such  sub-  ' 
atances  as  sulphur,  zinc,  arsenic,  antimony,  &o,  Tbe  second  pro- 
cess consists  of  fusing  the  calcined  products  with  other  minerals 
rot  previously  calcined ;  this  is  called  roasting  for  coarse  metal. 
In  the  next  operation,  the  remaining  sulphur,  which  could  not  be 
driven  off  by  heat  alone,  is  expelled,  it  being  alternately  exposed 
to  the  action  of  an  oxidating  flame  and  that  of  a  reducing  flame. 
The  fourth  process  is  termed  melting  for  white  metal,  in  which  the 
iron  is  eliminated  as  slag  by  combining  it  with  silica.  The  fifth 
operation,  melting  for  blue  metal,  is  very  similar  to  the  fourth,  the 
calcined  coarse  metal  being  fused  with  roasted  ores  rich  in  copper. 
The  sixth  process  consists  in  remelling  the  slags,  to  cause  the  pro- 
duction of  a  matt,  in  which  the  copper  in  the  various  slags  is 
brought  together.  The  seventh  process,  roasting  white  metal  for 
the  production  of  superior  white  metal,  has  a  twofold  object :  the 
charge  being  first  oxidized  to  decompose  the  sulphuret  of  iron  into 
oxide  of  iron  and  sulphurous  acid,  the  latter  being  evolved,  while 
the  former  combines  with  silica,  and  is  carried  off  as  a  fusible  slag. 
The  whole  mass  is  then  melted.  The  eighth  operation,  roasting 
for  regulus,  is  conducted  with  the  following  effects: — Oxidation 
first  occurs,  but  as  the  fusion  proceeds  the  oxide  of  copper  reacts 
with  the  sulphuret :  sulphurous  acid  is  evolved,  and  metallic  copper, 
or  B  sulphuret  of  copper,  is  produced;  the  products  are  three,  all 
of  which  have  to  be  reworked :  a  regulus  containing  twenty-one 
per  cent,  of  copper,  a.  slag  containing  about  ten  per  cent.,  and  bot- 
toms, or  alloys  with  other  metals.  The  ninth  operation  comprises 
the  roasting  and  fusing  of  regulus  for  crude  metal ;  and  the  tenth 
process  consists  in  the  refining  and  toughening  of  the  same. 
After  fusion,  the  scoria  is  raked  off  the  surface  of  the  metal,  and 
a  few  shovelfuls  of  powdered  anthracite  or  wood-charcoal  are 
thrown  on  the  surface  of  the  charge,  after  which  it  is  stirred  with 
a  pole  of  green  wood  for  about  twenty  minutes,  after  which  it  has 
attained  the  condition  of  fine  metal-  This  brief  account  contains 
the  substance  of  the  ordinary  process  of  copper  smelting. 

Tbe  most  common  ores  of  zinc  are  the  carbonate,  the  sulphuret, 
and  silicate     The  ores  are  first  roasted  or  calcined,  and  the  zinc  is 
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BttlMCquently  distilled  from  them  ia  retorts,  tte  forma  of  which 
vary  in  different  districts. 

The  tia  of  «Mjmmeree  is  obtained  from  the  native  oxide  of  that 
metal,  some  of  the  tin  ores  recLuiring,  however,  a  careful  cleansing 
previously  to  ibe  smelting  operation.  By  the  first  process  the 
re<liiction  is  conducted  in  a  reverberalory  furnace,  the  fuel  used 
being  common  pit-coal,  the  ores  operated  upon  being  mixed  with 
a  proper  amount  of  powdered  carbonaceous  matter.  By  the  second 
process,  the  oxide  is  reduced  in  a  small  blast-furnace,  supplied  with 
air  by  a  blowing  machine  driven  by  steam  power. 

The  ores  of  lead  usually  treated  in  this  country  principally  con- 
sist of  galena,  or  sulphuret  of  lead,  wLich,  however,  before  it  comes 
into  the  hands  of  the  smelter,  has  been  deprived  by  a  careful  me- 
chanical preparation  of  a  large  portion  of  the  earthy  and  siliciona 
ingredients  with  which  it  was  originally  associated. 

The  galena,  or  sulphuret  of  lead,  is  treated  in  a  reverberatory 
furnace,  where  it  is  first  subjected  to  a  roasting  process,  which,  by 
the  oxidation  of  the  constituent  elements  of  the  mineral,  converts 
it  into  sulphate  of  lead  and  oxide  of  lead,  which,  re-acting  on  each 
other,  cause  the  production  of  metallic  lead,  which  frequently  con- 
tains sufficient  silver  to  render  its  extraction  a  matter  of  commer- 
cial importance.  As,  however,  the  process  by  which  the  silver  ia 
separated  belongs  rather  to  the  metallurgy  of  silver  than  to  that 
of  lead,  we  shall  not  here  occupy  our  space  with  an  account  of  it. 
From  the  foregoing  descriptions  we  find  that  the  reverberatory 
viamace  admiu  of  a  greater  range  of  chemical  re-actions  than  the 
ftst  furnace  will  allow  of,  and  it  may  be  interesting  here  briefly 

V  the  chemical  operations  occurring  in  the  two  furnaces. 
In  the  ordinary  blast  furnace  deoxidation  of  the  metalliferous 
ptinerals  alone  takes  place,  and  in  the  iron  furnaces  it  occurs  in  the 
flowing  manner. 

'be  ore  and  fiiel  are,  as  before  staled,  thrown  into  the  ftirnace 
regular  strata,  and  descend  in  the  same  order  to  the  belly,  or 
»er  part  of  the  boshes.  The  temperature  of  the  upper  part,  or 
me,  ia  not  very  considerable,  but  in  the  neighborhood  of  the 
lebes  more  heat  is  evolved,  and  on  the  hearth  it  is  developed  in 
I  fullest  intensity.  The  air  thrown  into  the  hearth  there  meets 
fuel  in  a  high  state  of  incandescence,  and  from  the  large- 
I  of  oxygen   present,  a  vigorous  combustion  ensues.     The 
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combustion  produced  by  the  blast  usually  extends  as  far  as  the 
middle  of  the  boshes,  but  its  activity  is  there  much  reduced,  as  the 
greater  part  of  the  oxygen  has  been  converted  into  carbonic  acid 
before  the  ascending  current  reaches  that  point.  The  carbonic 
acid  then  combines  with  carbon  to  form  carbonic  oxide,  which 
subsequently  exercises  a  powerful  reducing  influence  on  the  oxide 
of  iron. 

In  the  reverberatory  furnace  an  oxidating  influence  may  be 
obtained  by  the  introduction  of  atmospheric  air  to  the  sole,  or 
laboratqry  of  the  furnace,  or  the  metal  may  be  deoxidated  in  a 
manner  similar  to  the  action  of  a  blast  furnace ;  or  it  may  be 
merely  fused,  by  adjusting  the  admission  of  air  so  that  its  oxygen  is 
almost  entirely  removed  before  passing  the  fire-bridge. 


CHAPTER  n. 


ON   FORGING   IRON, 


The  earliest  process  of  forging  wlncli  iron  undergoea  has  for  ' 
Its  parpoee  the  forming  of  the  blooms  or  balls  of  iron  into  bars  or   | 
plates,  in  order  that  ihey  may  subsequently  be  applied  by  the  J 
mechanical  engineer  to  the  various  purposes  for  which  they  are  I 
required.     In  this  operation  the  blooms  are  frequently  operated  | 
upon  by  hammers  raised  by  a  shaft  furnished  with  cams,  or  projeo  \ 
tioDS,  which  act  upon  the  tail  of  the  hammer ;  but  the  most  effeo- 
tive  apparatus  is  the  steam-hammer,  of  which  various  forms  hare 
&om  time  to  time  been  produced.     We  shall,  however,  here  de* 
cribe  a  fifty-cwt.  steam-hammer  ou  Nasmyth's  plan. 

An  elevation  of  this  steam-hammer,  with  a  section  of  the  foun-  , 
dtttiottt  i&  shown,  Plate  IV.     The  apparatus  consists  of  a  very  J 
airong  cast-iron  frame,  supporting  at  the  top  a  ateam  cylinder  of  | 
the  ordinary  construction;    within  this  cylinder  is  a  piston,  to  ( 
which  is  attached  a  piston-rod,  working  steam-tight  through  the  i 
bottom  cover  of  the  cylinder ;  at  the  lower  end  of  this  piston-rod   I 
13  a  large  mass  of  metal  which  constitutes  the  hammer-head  ; 
the  lower  surface  of  this  block  the  hammer-face  is  fixed  by  a  dove-  J 
tail   joint,  firmly  wedged  up.     To  the  lower  part  of  the  steam  1 
cylinder  the  slide  valve  is  attached,  being  surrounded  by  a  jacket,  f 
as  shown  ;  it  is  worked  by  the  action  of  the  hammer-head  upon  a  I 
tappet,  placed  in  front  of  the  guides  by  which  the  hammer-head  is  1 
retained  in  position  during  its  fall,  or  by  the  hand-gear,  shown,  j 
Beneath  the  hammer  is  an  anvil,  with  a  hard  face  dovetailed  into  ] 
it,  and  wedged  up  firm  ;  the  whole  apparatus  rests  on  foundationa  j 
consisting  of  piles  for  the  support  of  the  anvil,  and  of  cindera 
beaten  down  for  the  support  of  the  hammer-frame.     The  action  of 
the  hammer  is  as  follows:  the  steam  being  admittcfi  beneath  the 
piston,  raises  it,  together  with  the  hammer-head  ;  when  a  sufficient 
elevation  has  been  obtained,  the  steam  is  allowed  to  escape,  and  the 
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hammer-head  falls  upon  the  work  to  he  wrought,  the  operatioa 
beiug  repeated  as  often  as  may  be  desirable.  The  machine  can  be 
worked  by  those  accustomed  to  its  use  with  great  accuracy,  very 
delicate  operations  havinfj;  been  frequently  performed,  such  as  the 
corking  of  bottles,  cracking  of  nuta  without  injuring  the  ker- 
nels, &c. 

We  may  also  include  among  the  machinery  used  in  forging  iron, 
the  rollers  employed  to  reduce  it  to  the  form  of  bars ;  for  this  pur- 
pose, stout  cylinders,  with  grooves  turned  upon  them,  are  employed, 
the  metal  being  passed  through  grooves  gradually  diminishing  in 
Bize  until  the  metal  is  reduced  to  the  desired  dimensions ;  the  gen- 
eral form  of  this  apparatus  is  shown  in  Fig,  6.  For  rolling  plates 
true  cylinders  are  required,  and  very  great  care  must  bo  employed 

Fig.  8. 


for  the  production  of  thin  plates.  We  may  now  proceed  to  c 
cribe  the  smaller  machinery  of  the  forge;  we  must  first,  howevfl^l 
mention,  that  it  is  very  important  to  select  coals  of  a  suitable 
nature  as  fuel  for  the  forge ;  the  best  for  the  purpose  is  a  strong, 
dense,  durable  coal,  possessing  a  good  boiiy,  dull  and  dirty  in  ap- 
pearance. Bright,  easily-broken  coal  is  not  good  for  this  purpose, 
and  such  matters  as  tend  to  combine  with  the  iron  in  the  form  of 
clinkers  are  very  deleterious,  sulphur  being  an  element  which 
should  especially  be  avoided  in  forge-fuel.  Tanfield  coal,  when 
unmixed  with  other  varieties,  is  very  convenient  for  the  smith's 
work. 

The  first  piece  of  apparatus  of  the  smaller  class  which  we  have 
to  describe  is  the  forge -furnace,  which  is  used  when  small  portions 
of  iron  are  being  worked,  larger  masses  bein?  heated  in  a  rever- 
beratory  furnace;  these  forges  may  bo  made  eight  or  nine  feet 
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■quare,  and  consist  of  a  mass  of  brick-ivork  as  a  foundation  to  sup- 
port the  fire;  at  the  bauk  of  the  fire  ia  a  tue-iron,  through  which  a 
blast  is  supplied.  TLis  blast  ia  frequently  produced  by  a  rovolvii^ 
fen;  the  whole  ia  surmounted  by  a  hood  aad  chimney,  which  serve 
to  carry  off  the  smoke  and  heated  air.     The  iron  is  worked  upon 


S  stout  maaa  of  iron,  called  an  anvil  (shown  Fig.  7).     It  is  reated 


Fig.  7. 


ITT 


on  a  large  block  of  wood,  to  raise  it  to  a  convenient  height,  and 
the  metal  is  beaten  by  means  of  sledge-hammers  and  hand-ham- 
mers, swages  or  dies  being  used  when  requisite,  to  produce  any 
particular  form.  The  lower  swage  is  fitted  to  an  aperture  in  the 
aovil,  the  iron  to  be  wrought  placed  upon  it,  and  the  upper  swage 
laid  on  the  iron,  and  struck  with  the  hammer.     The  upper  swage 


is  held  by  r 


s  of  a  light  hazel  rod,  whieh  prevents  the  shock 


ca 


"^ 


^H  «f  tlie  bammer  from  producing  any  strain  upon  the  hand  of  tho 

^^P  operator.      For  ordinary  forgings,  two  men  are  employed :  the 

smith,  who  ia  responsible  for  the  work,  and  receives  a  high  salary, 

aod  the  hammer-man,  or  striker,  whoso  duty  it  is  to  wield  the 
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Bleclge-hammer,  and  work  tlie  bellows,  when  sucli  are  used  lor  the 
maiutenance  of  the  blust.  Some  forms  of  swages,  and  also  a  com- 
bined bottom  Bwage,  or  swage-blook,  are  shown  at  Fig.  8,  aa  also  a 
sledge  and  a  band- hammer. 

For  welding  iron  a  flux  is  required,  in  order  to  prevent  the 
oxidation  of  the  surfacea  to  be  joined.  For  this  purpose  fine  white 
Band  and  common  salt  may  Vie  used.  The  iron  ia  first  heated, 
dipped  in  the  flux,  and  the  heating  continued,  until  the  metal  has 
attained  a  white  heat.  Tlie  flux  is  then  fused  over  the  surface,  and 
has  dissolved  any  oxide  of  iron  which  may  have  formed  ;  the  two 
surfaces  to  be  joined  arc  laid  together  and  struck  continuously, 
working  towanls  the  edges,  in  order  to  expel  the  flux  and  insure  a 
perfect  union  of  the  metal.  Cast-steel  and  wrought-iron  scarcely 
admit  of  being  welded  together  with  facility  ;  but  shear-steel  may 
thus  be  joined  to  wrought-iron;  in  which  case,  however,  the  3teel 
is  not  raised  to  nearly  so  high  a  temperature  as  the  iron. 

For  heavy  forginga  a  crane  is  also  required,  but  the  form  of  tliis 
ia  too  well  known  to  require  any  special  description.  In  large 
tbrgings  each  particular  piece  of  metal  requires  different  treatment, 
according  to  the  use  for  which  it  is  destined.  Thus  the  heavy 
screw  shaft,  which  is  subject  to  torsion  only,  will  require  a  different 
arrangement  to  that  employed  when  a  crank  or  cross-head  ia ' 
formed.  The  most  ancient  method  of  forging  shafts  consisted  in 
piling  together  a  certain  number  of  slabs  of  iron,  which  were  sub- 
eequently  heated,  welded,  and  hammered  into  the  cylindrical  form 
required,  When,  however,  it  became  necessary  to  make  larger 
flhafta,  this  method  was  improved  upon:  a  pile  of  slabs  being 
taken  as  before,  of  which  only  a  portion  was  drawn  oat  to  the  cir- 
cular form,  a  large  mass  being  left  at  one  extremity,  on  which  to 
weld  more  slabs  when  required:  after  which  the  metal  could  be 
drawn  out  a  little  longer,  the  operations  being  continued  as  long 
as  was  needful.  This  method  ia  still  employed  at  many  works  in 
England,  Scotland,  and  America,  with  considerable  success,  but  it 
requires  the  utmost  care,  both  with  regard  to  workmanship  and 
materials.  A  far  superior  plan  consists  in  building  up  the  shafts 
with  a  sufQcient  number  of  square  bar.i ;  for  if,  in  the  slab  method, 
any  oxide  of  iron  or  dirt  should  intrude  itself  between  the  joints, 
ihe  scams  will  run  across  the  shaft ;  whereas  in  the  bar  method 
they  will  be  longitudinal.     It  is,  however,  very  important  to  avoid 
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phempting  lo  weld  too  great  a  fiiggnt  of  square  bars  at  once,  as  in 
^t  caae  it  Freqacntly  happens  that  at  the  centre  tbe  liara  are  not 
velded  at  a  !.     A  tew  bars  ahoukl  iberefore  first  be  welded  together, 
■nd  when  soundly  joined,  other  layers  of  bars  may  be  packed 
■ound  this  central  core :  the  process  being  continued  until  the  re- 
tnired  size  is  attained,  wbicli  can  llius  bo  effectwl  with  perfect  auc- 
jwss.     Another  method  conaista  in  first  making  a  round  core  or  ^ 
Beart,  and  packing  around  thia  bars  of  a  V  form  ;  this  method  is 
tlopted  frequently  for  forging  railway  axles,  and  it  was  also  em- 
Uoyed  in  the  manufacture  of  the  monster  gun  at  the  Mersey  Iron- 
porks.     From  a  paper  by  Mr.  Clay,  we  find  that  the  method  em- 
noyed  in  forging  this  gun  was  as  follows.     The  gun  was  built  up 
b  seven  distinct  layers  or  slabs,  the  forging   occupying  seven 
^eeks,  and  it  was  found  that  the  metal,  after  being  worked,  was 
teiproved  in  strength  rather  than  deteriorated,  by  the  long  exposure 
to  great  heal.     The  chief  points  to  be  considered  by  the  designer 
of  tbe  gun  were,  to  obtain  sound  weldings,  to  place  the  iron  with 
»  fibres  in  the  proper  direction  for  resisting  the  most  severe  strain 
>  which  it  could  be  exposed,  and  to  lake  care  that  while  one  part 
f  the  forging  was  being  worked,  other  portions  were  not  wasted 
'  under  the  action  of  the  furnace  by  burning  or  crystallization. 
The  first  operation  was  to  prepare  a  core  of  suitable  dimensions 
and  nearly  the  whole  length  of  the  gun.     This  was  done  by  taking 
&  number  of  rolled  bars  about  six  feet  in  length,  and  welding  them 
together,  and  then  drawing  them  out  until  the  proper  length  was 
obtained :  a  series  of  V-shaped  bars  were  now  packed  round  the 
^■tore,  healed  in  a  reverberatory  furnace,  and  forged  under  a  large 
^Hlmmer.     Another  series  of  bars  was  next  packed  on,  the  moss 
^^niD  heated,  and  worked  perfectly  sound.     Another  longitudinal 
^^Ktes  of  bars  was  yet  required  over  the  wiiole  length  of  the  forg- 
^Kg,  after  which  the  work  was  about  fifteen  feet  in  length  and 
^Burty-two  inches  in  diameter,  but  requiring  to  be  augmented  to 
forty-four  inches  at  the  breech,  tapering  down  to  twenty -seven  at 
the  muzzle.     This  was  accomplished  by  two  layers  of  iron,  placed 
in  such  a  manner  as  to  resemble  hoops  laid  at  right  angles  to  the 
axis  of  the  mass,  and  after  two  more  heatings  and  careful  weldings, 
the  forging  of  the  work  was  complete.     After  each  important  addi- 
^^OD,  a  securing  heat  wa.^  given  to  prevent  flaws. 
^HA  great  deal  has  been  written  at  various  times  on  the  crystai- 
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lization  of  wrought-iron  under  the  action  of  beat  long  continned, 
more  especially  wben  tlie  metal  is  allowed  to  cool  slowly,  and  alao 
when  the  metal  is  subjected  to  the  action  of  blows  frequently 
repeated  ;  some  experiments  have,  however,  tended  to  disprove  the 
theory  of  crystallization  by  heat ;  but  we  have  seen  bars  of  iron, 
originally  of  a  tough  or  fibrous  character,  snap  with  a  force  far 
below  the  calculated  resistance  of  the  material,  the  fracture  exhib- 
iting a  beautiful  crystalline  texture. 

The  forms  of  iron  ordinarily  obtainable  in  commerce  are  as  fol- 
lows ;  square,  round,  elliptical,  rectangular,  semicircular,  segmental, 
cbanne!,  T,  H,  and  L  iron  bars,  also  plate  and  sheet  iron;  the  thin- 
nest being  that  employed  for  the  manufacture  of  tin  plates. 

It  is  unnecessary  here  to  dilate  upon  the  forging  of  copper,  it 
being  only  necessary  to  observe  that  it  is  worked  at  a  low  tempera- 
ture, and  that  when  it  is  wrought  cold  it  is  necessary  occasionally 
to  anneal  it  by  heatiug. 

Besides  the  tools  already  mentioned,  various  tongs,  and  also 
various  special  forms,  are  frequently  required  to  execute  hollow  or 
other  work,  which  cannot  conveniently  be  wrought  upon  the  anvil ; 
these  are  called  stakes.  Among  the  swages  occur  some  having  at 
their  extremities  a  conical  or  cup-shaped  recess,  intended  to  com- 
]jleto  the  heads  of  rivets ;  these  are  termed  snaps,  and  are  some- 
itmes  worked  by  machines  termed  rivctting  machines,  being 
attached  to  piston  rods,  acted  on  by  pistons  working  in  cylinders 
of  large  diameter  but  with  a  very  short  stroke. 


Fob  many  purposes  it  is  found  convenient  to  produce  articlea 
&om  molten  metal,  by  a  process  termed  casting,  whicb  consists  in 
pouring  the  metal  in  a  fluid  atate  into  a  cavity  which  corresponds 
to  the  form  of  the  article  to  be  produced.  Several  rnetliods  of 
producing  these  cavities  are  in  use,  but  we  shall  here  confine  our 
attention  to  the  manipulations  included  under  the  head  of  green 
or  baked  sand-mouldings,  loam-moulding,  and  moulding  for  chilled 
castings.     We  will  first  speak  of  green  sand- mouldings. 

The  first  operation  to  be  performed,  when  it  is  proposed  to  make 
■  green  sand-casting,  consists  in  making  a  model  or  pattern  of  the 
article  to  be  produced.  This  may  be  mafle  of  wood;  it  must  be 
in  form  similar  to  the  required  object,  but  tapered  so  thai  it  may 
admit  of  being  readily  removed  from  the  sand  in  which  the  casting 
is  to  be  made  ;  and  it  must  also  be  larger  than  the  finished  article, 
in  order  to  allow  for  contraction  in  cooling,  and  also  for  the  removal 
of  material  in  producing  finished  surfaces.  The  contraction  is,  for 
iron,  about  a  tenth  of  an  inch  to  the  foot,  and  for  brass  one-eighth 
of  an  inch  may  be  allowed.  All  apertures  in  the  intended  casting 
are  produced  by  pieces  called  cores,  fixed  in  the  mould  ;  these  are 
'  retained  in  position  by  being  made  longer  than  the  apertures  to  bo 
id,  the  excess  of  length  being  inserted  into  recesses  formed 
^  ndes  of  the  mould.  These  recesses  or  hollows  are  produced 
{("JSotrusions  upon  the  pattern  or  model,  such  protrusions  being 
^called  core  prints. 

Cores  are  also  used,  under  some  circumstances,  for  the  produo- 
r  tion  of  undercut  recesses. 

We  may  perhaps  best  illustrate  the  manner  in  which  the  casting 
is  produced,  by  taking  an  example,  and  describing  the  process  re- 
qnired  for  the  completion  of  such  example.  Let  us  suppose  thai 
Ibo  pc^pet-bead  of  a.  latfae,  which  is  of  the  form  shown,  Fig.  9, 
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having  an  aperture  running  tlirough  ilia  wbole  length  of  the  upp 
cylindrlciil  part,  is  required.  The  pattern  will  be  of  the  fori 
shown  at  Fig.  10,  being  furnished  with  core  prints,  aa  shown  i 


J  \ 


each  end  of  the  cylindrical  part.    The  process  of  moulding  is  c 
ducted  in  the  following  manner.     Two  boxes,  having  neither  t 
nor  bottom,  but  capable  of  being  fitted  together  by  means  of  \ 
fixed  in  lugs  on  one  frame,  which  fit  into  apertures  in  luga  on  tlM 
other  frarne,  together  called  a  flask,  are  used  to  contain  the  sand  o 
which  the  mould  ia  to  be  made.     One  flask  is  taken  and  plac 
with  the  lugs  downwards  upon  a  smooth  slab,  and  filled  i 
moulding  sand,  which  ia  firmly  rammed  down.     The  flask  i 
then  be  inverted,  the  sand  being  retained  in  the  frame  by  its  cobi 
sion  and  adhesion  to  the  sides  of  the  flask  ;  but  when  the  latter  fi 
large,  it  is,  for  greater  aecurity,  furnished  with  transverse  t 
After  the  frame  has  been  inverted,  the  upper  surface  preaentaHJ 
smooth  and  level  appearance,  and  in  the  centre  of  tliia  a  boUowfi 
scooped  resembling  the  form  of  the  article  to  be  cast.     In  this  tlq 
pattern  ia  bedded  in  a  horizontal  position,  being  sunk  in  the  si 
to  as  nearly  as  possible  half  its  thickness  ;  powdered  charcoal  ( 
coaJ-duflt  is  now  sprinkled  over  the  whole  surface,  and  the  upp< 
part  of  the  flask  adjusted  in  position ;  it  is  then  filled  up  i 
sand,  which  is  firmly  rammed  down  around  the  pattern.     The  tW 
parts  of  the  flask  can  now  be  separated,  the  adhesion  of  the  e 
being  procured  by  the  layer  of  charcoal  dust  mentioned  abon 
The  impression  formed  in  the  aand  of  the  upper  flask  ia  smootbl 
and  repaired,  where  necessary,  by  trowels  of  a  suitable  form, 
sand  placed  in  the  first  frame  is  now  broken  up,  the  frame  whiol 
served  aa  the  top  of  the  flask  placed  with  the  cavity  uppermot 
the  pattern  placed  in  the  cavity,  the  empty  frame  fitted  on,  and  tU 
whole  filled  up  as  before.     The  flask  is  then  again  taken  in  piet 
both  cavities  repaired  whore  necessary,  and  openings  mods  E 
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TB^Mmty  m  tte  upper  frame,  llirougH  to  the  surface  of  tlie  sanJ. 
These  are  called  gates,  or  gits,  and  serve,  some  of  tliem,  for  the 
admission  of  the  molten  metal,  and  others  afford  egress  to  the  air 
ID  the  cavity  and  the  gases  generated  by  contact  of  the  hot  metal 
with  the  sand.     The  core,  previoualj  made,  of  tough  loam  with 
chopped  straw  or  other  filamentary  material,  and  dried,  is  now  in- 
serted in  the  core  prints ;  the  flask  is  then  put  together,  the  two 
parts  being  secured  by  pina  or  wedges  passe<l  through  apertures  in 
the  extremities  of  the  pegs  fixed  to  the  lugs  of  the  lower  frame. 
The  metal  may  then  be  cast.     Wlien  tlie  casting  ia  sufficiently  cool 
I  the  mould  ia  broken  up,  the  superfluous  metal  knocked  of;  ami 
,  when  the  casting  is  quite  cool,  the  false  aeama  are  cut  off,  the  core 
i'  cleaned  out,  and  the  hard  sandy  coating  rubbed  smooth  with  a  pieco 
I  <rf  oven-coke, 

M'e  may  now  mention  a  few  particulars  to  be  observed  in  the 
I  general  preparation  of  moulds.     Ample  space  for  egress  of  gases 
must  be  allowed,  wherefore  it  is  desirable  to  pierce  the  sand  to 
rithin  a  smaM  distance  of  the  cavity,  by  means  of  a  stiff  wire; 
(  also  to  form  a  sufficient  number  of  gil&     The  sand  should  be  of 
I  open  texture,  but  of  a  binding  character,  otherwise  the  casting  will 
i  te  apt  to  scab. — that  is  to  say,  there  will  be  a  liability  in  the  sand 
[■  lo  scale  off  the  surface  of  the  mould,  and  rest  on  the  surface  of  the 
ting.     If  sufficient  egress  be  not  allowed  for  the  air,  blow-holes 
I  will  occur  within  a  short  distance  of  the  surface  of  the  casting, 
I  thereby  materially  reducing  its  strength.     It  ia  usual  to  tap  the 
|»tlern  with  a  hammer  in  onler  to  loosen  it,  previous  to  withdraw- 
ing it  from  the  mould,  thus  preventing  the  risk  of  damage  to  the 
mould,  and  for  this  purpose  wires  are  sometimes  screwed  into  the 
pftttem.  which  protrude  through  the  surface  of  the  sand  and  tho 
r  upper  part  of  the  flask.     Very  heavy  patterns  may  he  removed 
[  from  the  sand  by  the  united  efforts  of  several  men,  each  lifting  tho 
pattern  with  one  hand  while  with  the  other  he  taps  it  with  a  light 
hand-hammer. 

If  the  sand  be  used  too  damp,  hard  places  will  be  formed  in  the 

t casting,  thereby  adding  materially  to  the  difficulty  of  subsequently 
Srorking  the  metal. 
Moulding  in  baked  sand  is  conducted  in  a  manner  similar  to  the 
above;  but  the  sand  is  used  in  a  more  moist  condition,  the  mould 
being  subsequently  dried  in  a  suitable  furnace.     Moulding  in  loam 


'M  MECHANICAL  ESGINEERINR. 

is  conducted  in  a  mnnner  quite  difierent  from  the  method  employed 
for  moulding  in  green  sand — no  pattern  being  used;  we  may  take 
as  an  example  of  this  class  of  moulding  the  formation  of  a  hemis* 
pherical  melting-pot.  A  cast-iron  ring  is  laid  down  on  the  foundry 
floor,  and  upon  this  a  brick  dome  roughly  approaching  the  internal 
form,  is  erected,  an  aperture,  however,  being  left  at  the  upper  part. 
A  quantity  of  loam,  formed  of  clay,  water,  sand,  and  cow-hair, 
after  having  been  reduced  to  a  paste  and  thoroughly  kneaded  in  a 
pug-tub,  ia  laid  on  the  brick  dome  with  trowels  and  smoothed  with 
the  hand ;  a  fire  ia  then  lighted  within  the  dome  by  means  of  aper- 
tures left  on  the  cast-iron  ring,  a  stratum  of  fine  loam  laid  over  the 
first  layer,  and  formed  to  the  exact  contour  of  the  interior  of  the 
vessel  by  means  of  a  scraper  of  suitable  form,  attached  to  a  verti- 
cal spindle  passing  through  the  centre  of  the  dome,  and  supported 
in  bearings  at  the  top  and  bottom,  so  that  the  scraper  can  be  caused 
to  revolve.  The  required  form  having  been  obtained,  the  scraper 
is  removed,  and  the  mould  allowed  to  dry  ;  after  which  it  is  thickly 
painted  over  with  a  mixture  of  charcoal,  clay,  and  water,  applied 
with  a  brush ;  another  layer  of  fine  loam  ia  then  applied  equal  to 
the  thickness  of  the  required  article,  and  to  it  is  imparted  the  exact 
form  of  the  exterior  of  the  vessel,  also  by  means  of  a  scraper. 
The  whole  is  then  again  dried,  the  spindle  being  removed,  and  tho 
aperture  in  tho  top  of  the  dome  filled  up.  The  mould  is  again 
painted.  Another  ring  is  now  laid  down  around  the  former  and 
adjusted  to  it  by  steady-pins ;  the  mould  is  covered  with  a  layer  of 
fine  loam  and  then  with  a  thicker  stratum  of  coarse  loam,  and  sur- 
rounded by  brick -work.  We  shall  now  have  an  interior  dome  and 
un  exterior  shell,  containing  between  them  a  quantity  of  loam  cor- 
responding to  the  thickness  of  metal  in  the  required  vessel.  The 
outer  shell  is  removed  by  lifting  the  outer  ring  by  means  of  a 
crane,  the  painting  of  charcoal  paste  preventing  its  adhesion  to  the 
substratum.  It  is  repaired  with  trowels,  the  intermediate  thick- 
ness of  loam  is  then  broken  off,  and  the  surface  of  the  interior 
dome  smoothed  and  repaired  where  necessary.  Gits  are  prepared 
in  the  outer  shell,  which  is  replaced,  and  the  metal  cast.  As  soon 
as  the  casting  has  become  sufficiently  cool  the  brick-work  of  the 
interior  dome  is  loosened,  in  order  to  allow  of  the  free  contraction 
of  the  casting. 

All  moulds  having  the  form  of  solids  of  revolution  can  be  thus 
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produced  by  scrapers,  but  other  forms  m«st  be  obtained  by  aid  of 
templates,  or  the  workmao  miut  depend  upon  the  correctness  of 
liis  own  eye. 

I  We  have  yet  to  mention  chilled  casting.  This  consists  of  sub- 
RtitutiDg  metal  surfaces  for  sand,  wherever  the  casting  b  required 
to  be  peculiarly  hard,  this  eflect  being  produced  by  the  rapiJitj 
with  which  the  heat  ia  conducted  away  by  the  melallic  mould. 
For  large  castinga  the  metal  should  be  melted  in  reverberatury 
fiiriiaces;  for  smaller  ones  a  small  kind  of  blast  furnace  called  a 
cupola  is  used.  This  consists  of  a  low  brick- woi-k  foundation  upon 
which  a  sheet-iron  cylinder  is  placed,  which  is  lined  with  refiiiij- 
tory  aand,  and  surmounted  by  a  low  chimney  or  conical  hood  , 
boles  are  formed  in  the  aide  of  the  cylinder  to  admit  nozzles, 
through  which  the  blast  may  be  supplied,  and  also  to  allow  the 
molten  metal  to  be  drawn  oft'.  The  fuel  and  metal  are  supplied  in 
alternate  layers,  and  the  metal  as  it  melts  accumulates  in  the  bottom 
of  the  furnace.  The  charges  are  in  the  proportion  of  twenty-five 
coke  to  a  hundred  of  iron ;  and  the  latter  begins  to  melt  about 
twenty  iDJoutes  after  its  introduction  into  the  furnace.  For  large 
and  heavy  castings  the  moulds  are  sunk  in  the  floor  of  the  foundry, 
and  the  metal  run  into  them  from  the  cupola,  along  channels  in  the 
sand  of  the  foundry  floor.  For  small  castings  the  molten  metal  is 
carried  in  ladles  lined  with  refractory  clay;  and  for  larger  cast- 
ings, large  ladles  or  shanks,  moved  about  by  a  crane,  are  used. 
Every  casting  requires  more  metal  than  is  requisite  to  fill  the 
mould,  the  excess  going  to  form  false  seams,  &a.,  and  besides  this 
there  is  an  actual  loss  of  six  per  cent,  of  the  metal ;  so  that  after 
deducting  all  losses,  each  hundred-weight  of  coke  melts  about 
three  hundred -weight  of  pig-iron.     The  following  are  the  dimen- 

».HonB  of  an  average-sized  cupola,  capable  of  melting  five  tons  of 
'inetal  at  one  time:  height,  nine  feet ;  external  diameter  five  feet; 
interaal  diameter,  three  feet  six;  height  of  first  tuyere  hole,  two 
feet  six  inches ;  distance  between  tuyeres,  fifteen  inches ;  diameter 
erf  nozzles,  from  three  to  five  inches ;  speed  of  fan,  seven  hundred 
revolutions  p^  minute,  to  maintain  which  a  power  of  three  horses 
will  be  required. 
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In  the  present  cliapter  we  purpose  to  describe  the  varioas  fort 
of  tools  used  for  cutting  and  abrading  metal.     The  first  of  t 
to  which  we  shall  direct  our  attention  are  files.     The  general  fort 
of  these  ia  too  well  known  to  require  any  detailed  description  t 
our  hand.     The  teeth  are  produced  bj  making  a  series  of  cuts  v 
a  chisel  along  the  whole  length  of  the  file,  and  dividing  the  ridg 
thus  raised  into  teeth  by  other  cuts  crossing  them  at  an  angle,  aft 
which  the  tool  is  hardened.     In  cutting  square  and  flat  files  i 
usual  to  leave  one  side  smooth  to  rest  against  the  work  without  tl 
jury  to  it,  thus  forming  a  safe  edge.     When  the  file  is  only  cut  ii 
one  direction  it  is  termed  a  float.     A  rasp  has  various  isolaW 
points  raised  upon  its  surface.     The  variety  of  files  is  almost  e 
less,  depending  as  they  do  upon  the  nature  of  the  work  for  whia 
they  are  required ;  but  only  a  few  of  these  are  necessary  for  t 
execution  of  those  branches  of  mechanical  manipulation  of  i 
we  treat.     These  are  divided  into  three  classes,  viz.:  taper,  hani 
and  parallel.     Those  of  the  first  description  taper  to  a  point,  t 
second  are  formed  with  sides  nearly  parallel,  and  the  third  ( 
parallel,  bo  as  to  be  of  the  same  thickness  throughout.     Files  t 
also  distinguished  according  to  the  fineness  of  their  teeth,  as  I 
lows :  rough,  bastard,  aeeoud-cut,  smooth,  and  dead-smooth, 
files  vary  in  length  from  four  to  twenty-four  inches,  are  reotangul 
in  section,  and  rounded  in  width  and  thickness.     Hand  f 
more  parallel  in  width,  and  less  taper  in  thickness  than  the  forej 
ing,  and  are  commonly  used  for  flat  surfaces  when  greater  ac 
is  required  than  can  be  obtained  with  ordinary  taper  files, 
files  vary  from  six  to  twenty-three  inches  in  length;  they  a 
ployed  fur  filing  grooves  for  cotters,  keys,  or  wedges,  used  for  t 
ing  wheels  upon  their  shal|ts.     They  are  narrower  than  handfi 
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I  their  sides  and  edges.     Pillar  files  are  similar  to 
baod  files,  but  much  smaller,  varying  from  three  to  ten  inches  in 
length;  they  are  usually  formed  with  one  safe  edge.     Half-rouod 
files  have  a  segmental  section,  varying  from  one  quarter  to  one 
twelfth  of  a  circle,  one  side  of  the  file  being  convex:  the  other  flat; 
their  length  varies  from  two  to  eighteen  inches.     Crossing  files,  or 
double  half-round,  are  circular  on  both  sides.     Triangular,  or  three- 
square  files,  are  made  from  two  to  sixteen  inches  in  length ;  they 
(ire  used  for  internal  angles,  for  clearing  out  sfjnare  corners,  and  for 
||liarpening  saws.     Round  files   are   usually  taper,  from   two   to 
ighteen   inches   in   length,  being  used   In  enlarge  round   holes. 
iquare  files  vary  from  two  to  eighteen  inches  in  length,  and  are 
penerally  taper,  having  one  or  more  safe  edges ;  they  are  prinoi- 
«]ly  used  for  small  apertures. 
"We  will  now  proceed  to  speak  generally  of  the  angles  of  cutting 
wis.     Scrapers  arc  usually  formed  with  edges  contained  between 
■xts,  making  together  an  angle  of  from  55°  to  60°.     As  ageneral 
rule,  the  softer  the  material  the  more  acute  may  the  angle  of  the 
cutting  edge  be  :  and  the  angles  vary,  for  brass,  copper,  iron,  and 
sCeol,  from  65°  to  90°  ;  those  for  iron  varying  betweeu  85°  and  90°. 
^reat  care  must  be  taken  in  order  to  obtain  the  angles  of  the  cut- 
;  edges  well  defined,  otherwise  their  action  will  not  be  satis- 
:ory. 

We  will  now  speak  in  detail  of  the  various  cutting  tools  with 
which  the  mechanical  engineer  must  be  provided ;  commencing 
with  hand  tools,  and  subsequently  describing  machine  tools. 
^^L     Fig.  11  exhibits  two  views  of  a  co!d-metal  chisel  of  the  form 


steol.  fi 
^BGreati 

^Bhotor; 


"T" 
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moit  commonly  used,  having  a  wide  edge.  These  are  ground  on 
both  sides  to  au  angle  from  70°  to  80°, — for  some  particular  pnr 
poses  being  even  more  obtose.  They  are  tempered  down  to  a  deep 
ttnw  color,  and  when  in  use  are  held  in  the  left  hand  upon  the 
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work  undergoing  manipulation,  and  driven  by  blows  BtrucK 
a  hand  liammer  held  in  the  right  hand.     A  similar  firm  of  chis 
atiao.bed  to  a  hazel  rod  and  driven  by  blows  of  a  slerlge  hammer^ 
is  employed  by  smiths  for  cutting  hot  iron ;  but  it  ia  shorter  and 
of  a  stouter  make,  being  furaished  with  a  wider  edge.     There  is 
another  form  of  chisel  occasionally  used  for  cold  metal,  having  a  _ 
semicircular  edge  ;  this  is  ground  on  the  flat  side  and  is  used  foi 
clearing  out  grooves  of  a  circular  or  elliptical  section. 

Small  hand  punches  are  also  frequently  employed  for  piercinj 
thin  metal,  being  formed  of  round  steel,  tapered  off  and  ground  Bai 
at  the  end.  Centre  punches,  which  are  used  for  marking  worfc 
where  holes  are  to  be  drilled,  produce  a  conical  or  counter-suol 
recess,  and  are  themselves  formed  of  round  steel,  tapered  i 
ground  to  a  conical  point,  with  an  angle  of  about  80°, 

Scrapers  are  usually  made  in  one  of  two  forms :  an  old  parallel 
file  is  taken,  the  teeth  are  ground  oif,  and  the  end  is  ground  smoothj 
«o  as  to  produce  an  angular  scraping  surface;  or  an  old  thre 
square  file  is  used,  the  teeth  being  ground  off,  and  the  f 
the  extremity  ground  convex,  so  as  to  terminate  in  a  point,  tberebjn 
forming  three  scraping-edges,  each  having  an  angle  of  60°,  Tb^ 
two  forms  of  scrapers  are  shown  in  iho  accompanying  Fig.  12, 


<e 
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We  may  here  mention,  among  fitters'  tools,  the  metal  saw.  It  iq 
ft  kind  of  frame  saw,  consisting  of  a  thin,  narrow  blade,  furnishec 
with  teeth,  tightiy  stretched  in  an  iron  frame.  Saws  of  this  descrij^ 
tion  require  frequent  sharpening. 

Small  drills  worked  by  hand  are  in  constant  requisition.     Thej^ 
are  of  two  sorts  :  those  that  are  worked  with  an  alternate  recipra 
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cstory  motion,  ground  on  botli  eiJes,  so  as  to  scrape  equally  well 
both  direction.",  shown  at  a  in  Fig.  13 ;  and  those  worked  with 
Fijr  13  "  continuous  circular  motion,  ground  on  one 

side  only,  shown  at  h,  so  as  to  cut  in  one  di- 
rection ;  drills  of  the  former  description  are 
usually  fixed  in  a  shaft,  the  tail-end  of  which  is 
conical,  and  rests  in  a  counter-sink  formed  in  a 
brcaat-plate  worn  by  the  operator,  througli 
which  the  requisite  pressure  is  imparted.  Upon 
tiic  shaft  is  fixed  a  sheave  or  pulley,  around 
which  the  string  of  a  steel  bow  passes;  by  im- 
parting an  alternate  rectilinear  motion  to  the 
bow,  the  wlieel,  shaft,  and  drill  are  caused  to 
revolve     alternately    in    opposite     directions, 

thereby  penetrating  the  material  which  is  being  operated  upon. 
The  second  class  of  drill  is  usually  employed  either  in  a  brace 

consisting  of  a  crank,  as  shown  at  a  Fig.  14 ;  but  when  the  hole  is 

Fig.  u. 
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to  be  drilled  in  a  position  which  does  not  allow  sufGcient  room  for 
the  brace,  another  kind  of  stock,  called  a  ratchet  brace,  fi,  is  made 
use  of.  This  consists  of  a  stout  shaft,  furnished  at  one  end  with  a 
ftockct  to  receive  the  tang,  or  tail-end  of  the  drill,  and  at  the  other 
with  a  screw,  on  the  head  of  which  is  a  hard  conical  point,  and  by 
means  of  which  the  requisite  pressure  is  imparted  to  the  drill ;  in 
the  centre  of  the  shaft  is  a  ratchet-wheel,  firmly  fixed,  and  em- 
braced by  the  forked  end  of  an  arm  or  lever,  furnished  with  a  pall, 
acted  upon  by  a  spring,  which  causes  it  to  fall  into  the  teeth  of  the 
ratchet-wheel ;  thus,  when  the  arm  is  moved  in  the  direction  in 
which  the  drill  is  made  to  cut,  the  pall  catches  in  the  teeth  of  the 
ratchet-wheel,  and  drives  the  wheel  forward,  but  on  reversing  the 
motion,  the  pall  slides  over  the  teeth,  leaving  the  drill  stationary. 
A  great  variety  of  minor  drill  stocks  have  been,  deyised.  bui 
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they  are  calculated  rather  to  enterlain  the  amateur  than  to  render 
efficient  service  to  the  jiractical  engineer;  we  sball,  therefore,  not 
encumber  our  spaco  with  a  description  of  them. 

There  are  a  class  of  scraping  tools,  known  as  broaches,  or 
Thymors,  employed  for  cleaning  out  circular  holes ;  they  consist  of 
taper,  triangular,  square,  hexagonal,  or  octagonal  tools,  of  which 
the  thickness  is  inconsiderable,  when  compared  with  the  length. 

Square  holes  are  cleared  out  by  means  of  steel  drifls,  consisting 
of  taper  steel  bars,  in  wliich  notches  are  filed  at  regular  intervals, 
in  order  to  give  rise  to  cutting  elges.  A  drift  is  forced  through 
the  aperture  to  be  cleared  by  striking  it  with  a  hammer,  and  as 
these  tools  are  made  very  bard,  breakage  frequently  occurs, 

"We  must  now  proceed  to  describe  the  methods  by  means  of 
which  screws  are  produced  by  manual  labor.  For  tho  smallest 
screws  a  plate  of  dies,  called  a  screw-plate,  is  employed  ;  it  consists 
of  a  plate  of  steel,  in  which  threads  have  been  cut,  which  are  at 
certain  parts  filed  away,  in  order  that  cutting  edges  may  be  formed, 
and  also  to  afford  a  means  of  egress  to  the  metal  removed  from  the 
screw  which  is  being  cut.  By  means  of  this  apparatus,  the  threads 
on  a  screw  are  partly  cut,  and  partly  squeezed  up,  being,  therefore, 
not  so  perfect  as  those  produced  by  the  action  of  point  tools,  which 
will  presently  be  described. 

For  the  production  of  larger  screws,  such  as  the  threads  of  bolts, 
dies  m  n'e  n  two  or  more  parts  are  used,  the  cutting  edges  appear- 
ing on  the  edges  of  the  dies.  These  dies  are  used  by  means  of 
stocks  of  the  form  shown.  Fig.  15.     In  the  centre  of  the  stock  ia> 

Fig.  15. 


rectangular  opening  containing   V-shaped  ridges,  which,  fittS 
grooves  in  the  dies,  retain  them  in  the  stock.     At  one  end  of  i 
rectangular  opening,  tho  ridges  are  cut  away,  in  order  to  allowJ 
the  introduction  of  die-a  as  required,  which  dies  are  adjuatedC 
means  of  a  set  screw,  in  some  cases  formed  on  tho  end  of  ^ 
handle,  of  which  construction  we  do  not,  however,  approve,  d 
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t  preferable  to  have  the  bandies  firmly  fixed,  the  diea  being 
^ht  up  hy  separate  scrowa. 

■  Having  concluded  our  remarks  upon  the  means  used  forprodao- 
ing  small  solid  screwa  without  emplojing  machinery,  it  ia  neces- 
sary to  give  an  account  of  the  method  employed  in  making  small 
hollow  screws,  or  nut,s.  These  are  produced,  first  by  drilling,  and 
then  by  cutting  threads  by  means  of  a  hard  ateel  screw,  which  we 
will  now  proceed  to  describe.  Upon  a  piece  of  the  best  round 
Bteel.  accurately  turned,  a  screw  is  cut  with  great  care,  so  as  to  be 
Iruly  formed  throughout ;  a  portion  of  this  thread  is  then  removed 
by  filing  three  or  four  grooves  along  the  sides  of  the  top,  cutting 
edges  being  thereby  formeii,  and  a  means  of  egress 'afforded  the 
particles  of  metal  cutaway;  the  thread  ia  also  reduced  towards 
the  point  of  the  top,  thereby  imparting  to  it  a  taper  form,  in  order 
that  it  may  gradually  cut  the  thread,  so  that  it  may  not  overstrain 
either  the  tool  or  the  material  being  wrought.  Usually,  for  lap 
ping  a  nut,  two  taper  taps,  and  one  plug,  or  parallel  tap  are  used, 
being  formed  with  a  square  head,  which  fits  a  rectangular  opening 
in  the  centre  of  a  stock,  or  tap- wrench,  which  i.s  handed  round  in 
the  same  manner  as  a  die-slock.  Oil  is  used  for  lubricating  these 
tools,  in  order  to  prevent  their  becoming  heated. 

A  pair  of  shears  for  shearing  metals  is  also  used  ;  they  are  pre- 
jely  similar  in  their  action  to  ordinary  scissors,  their  edges  being 
round  to  an  angle  of  alwut  85°,  The  blades  are  very  short,  and 
1  proportion  to  the  length  of  the  shears.  The  ends  of  the 
Kkndlea  are  curved  round,  so  as  to  meet  and  prevent  the  shears 
from  closing  too  far. 

There  are  other  tools  used  by  fitters,  but  as  they  are  not,  pro- 
perly speaking,  cutting  tools,  we  shall  defer  the  description  of  ibem 
to  the  chapter  wherein  we  propose  to  treat  of  the  manipulations 
included  under  the  general  head  of  fitting. 

"We  will  now  proceed  to  describe  the  forms  of  the  various  tools 
used  for  operating  upon  metal  by  means  of  machinery.  The  ma- 
chines themselves  will  he  described  in  the  following  chapter. 

The  first  tofd  of  which  we  shall  speak  is  known  aa  the  point"  tool ; 
it  is  forged  from  square  steel,  as  in  fact  are  most  of  the  machine 
tooK  Two  views  are  shown  of  it  in  the  accompanying  Fig.  16, 
This  tool  produces  a  surface  consisting  of  very  narrow  grooves,  the 
metal  being  generally  removed  by  the  action  of  the  point  and  one 
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Bide  of  the  catting  edge ;  it  ia  used  in  the  lathe,  in  tbe  shafnng 
machine,  and  in  the  planing  machine. 

Another  tool  has  been  derived  from  that  which  we  have  just 
described,  which  is  most  frequently  used  in  the  latlie,  for  taking 
large  cuts,  whereby  the  greater  bulk  of  tlie  superfluona  metal  is 
removed.  This  tool  may  be  said  to  consist  of  one  aide  of  the  point 
tool,  the  whole  of  its  cutting  edge  being  inclined  to  the  axis  of  the 
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The  next  tool  which  we  have  to  mention  ia  the  spring  tool ;  it 
IS  formed  with  a  spring  or  bend,  as  shown  in  Fig.  17,  which  enables 
it  to  yield  to  any  hanl  parliclea  which  may  occur  in  the  metal  be- 
ing wrought,  instead  of  tearing  them  out  after  the  manner  of  the 
point  tool.  The  spring  tool  is  also  much  broader,  somewhat 
rounded  on  the  end,  in  order  to  prevent  the  danger  of  its  corners 
from  cutting  too  deep  into  the  work.  Hence  this  tool  produces 
fewer  ridges  than  the  point  tool,  and  such  as  do  occur  are  more 
gradual  in  their  ascent ;  the  point  tool  is,  however,  capable  of 
executing  the  work  more  accurately. 

We  may  next  speak  of  the  side  tool  used  for  boring  small  cylin- 
ders, and  also  for  cutting  internal  screws.  A  plan  of  this  tool  ia 
shown  in  Fig.  18 ;  when  intended  for  boring,  it  is  usually  formed 
with  a  cylindrical  part  drawn  out  behind  the  cutting  edge,  in  order 
to  allow  it  to  pass  freely  to  the  bottom  of  the  cavity.  When  the 
tool  is  intended  for  cutting  internal  screws,  the  cutting  edge  should 
'.le  made  to  protrude  farther  from  the  central  axis  than  when  the 
lool  is  employed  for  boring  purposes. 

Fig.  19  represents  a  parting-tool.  It  is  used  for  catting  through 
or  dividing  work,  and  is  made  widest  at  the  cutting  edge,  in  order 
that  the  inetid  behind  may  not  come  in  contact  with  the  aides  of 
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the  cut  A  tool  very  similar  iu  form  to  this  is  used  for  cutting  the 
threads  of  screws,  its  form  boing  square,  V,  or  otherwise  according 
to  the  form  of  the  tnread  required  to  be  cut. 


Fig.  19. 
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A  number  of  hand  tools  shown  in  Fig.  20,  are  used  with  the 
lathe :  a  being  termed  a  graver,  b  a  flat  tool  capable  of  springing 
slightly,  c  a  screw  tool,  d  an  internal-screw  tool.  Following  the 
points  of  these  screw  tools,  are  threads  which  determine  the  pitch 


of  the  screw  being  cut. 


Fig.  20. 
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We  have  yet  to  notice  the  slotting  tool,  which  is  used  in  the 
▼ertical-motion  slotting  machine ;  it  is  of  the  form  shown,  Fig.  21. 
and  is  chiefly  used  for  slotting  out  wheels  to  receive  the  keys  or 
wedges  by  which  they  are  fixed  to  their  shafts. 


Fig.  21. 


u: 


] 


zi 


The  machine  tools  already  mentioned,  are  used  with  the  turning 
lathe,  planing  machine,  and  slotting  machine ;  but  there  are  also 
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many  forms  derived  from  these  used,  to  eflfect  special  purposes, 
which,  however,  are  so  similar  in  principle  that  it  is  unnecessary 
here  to  dilate  upon  them. 

There  are  numerous  small  tools  or  cutters  used  in  the  turning 
lathe  and  drilling  machine,  principally  for  boring  purposes :  some 
of  these  are  shown  at  Fig.  22.    The  remaining  sketches  in  this 

Fig.  22. 


lA    U 


V     V 


figure  show  various  forms  of  drills  used  in  the  lathe  and  drilling 
machine. 

Face  and  edge  cutters  of  various  forms  are  employed  for  groov- 
ing and  trimming  work ;  they  are  made  by  raising  a  number  of 
ridges  or  cuttinj^  edges  on  the  surface  or  periphery,  as  the  case  may 
be,  of  discs.  Punches,  shearing  edgi^s,  taps,  &c.  used  in  machines, 
are  similar  in  their  general  form  to  the  same  tools  used  by  hand, 
but  stronger,  and  the  taps  used  for  making  screw  tools  are  called 
hobs 
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Is  tLe  present  cliaptflr,  we  propose  to  describe  and  iUuiftrate 
of  tbe  machinery  generally  refinired  in  the  factory  of  the 
mechanical  engineer.  It  would  appear  most  reasonable  first  to" 
describe  the  steam-engine,  by  which  the  workshop  machinery  is 
driven,  but  we  shall  not  do  so  in  tliis  place,  as  the  various  forMS 
of  steam  machinery  are  fully  described  in  a  subsequent  part  of  this 
work.  We  may  also  here  observe,  that  as  the  forge  and  steam- 
faammer  have  been  already  described,  we  shall  not  here  refer  to 


Tbe  first  machine  to  which  we  shall  turn  our  attention,  is  the 
fhe,  which  is  perhaps  the  most  useful  implement  with  which  the 
bechanical  engineer  is  provided.     Plate  Y.  represents  a  double- 
lared  lathe,  driven  by  steam-power ;  it  has  eighleen-inch  centres ; 
e  bottom  piece  ia  the  bed  of  the  lathe,  the  surface  of  which  is 
sry  accurately  formed,  by  means  to  be  hereafter  described  ;  upon 
^is  bed  at  one  extremity  is  mounted  a  heavy  head  stock,  which 
Ties  the  gejiring  by  which  the  lathe  is  driven  ;  this  gearing  con- 
i  of  two  mandrils,  one  of  which  carries  diminishing  riggers, 
1  two  toothed  wheels ;  the  other  shall  carries  also  two  toothed 
pheels,  gearing  with  the  former.     When  greater  variations   of 
e  requireii  than  can  be  attained  by  the  speed  riggers  alonei 
3  loosened  from  the  shaft  by  slacking  a  nut,  which  pre- 
iously  held  them  tight,  up  to  the  front  spur  wheel  on  the  main 
Hiaft  of  the  head  stock,  and  the  lathe  is  driven  through  the  inter- 
■Tvention  of  the  spur  gearing  on  tlie  utlier  shaft.     The  main  shaft  is 
called  the  mandril,  and  is  "in  the  centre  of  the  lathe.     At  its  ex- 
tremity is  a  pinion,  which  gears  into  wheels  by  means  of  which  a 


long 
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i  the  entire  length  of  the 
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(  to  propel  at  an  uniform  speed  the  slide  rest 
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wbich  we  now  proceed  to  describe.  It  consists  of  a  stoat  fonncb 
tion-piece,  which  fits  accurately  the  top  of  the  lathe  bed,  admitting 
of  a  sliding  motion  upon  it.  Upon  this  foundation-piece  is  placed 
another  slide  aa  shown,  worked  by  a  screw  attached  to  the  founda- 
tion-piece: its  motion  is  at  right  angles  to  the  lathe  bod.  Above 
this  is  a  smaller  slide,  also  worked  by  a  screw,  as  shown ;  it  moves 
parallel  to  the  lathe  bed,  but  admits  of  adjustment  to  any  required 
angle.  On  the  top  of  this  slide  the  cutting  tools  are  held  by  means 
of  short  bars  pressed  down  upon  them  by  nuts  working  on  studs, 
as  shown.  Tiie  entire  slide  rest  admits  of  being  moved  along  the 
bed  of  the  lathe,  by  a  handle  acting  upon  a  pinion  gearing  m  a 
rack  attached  to  the  lathe  bed.  In  order  to  move  the  slide  in  this 
manner,  it  is  necessary  to  throw  it  out  of  gear  with  the  long  screw, 
or  leading  screw,  as  it  is  termed,  which  is  effected  by  opening  the 
gearing  nut,  made  in  two  parts,  in  order  that  it  may  admit  of  this 
movement.  At  the  farther  end  of  the  lathe  bed,  is  shown  another 
head  stock  called  the  poppet  head ;  this,  like  the  front  head  stock, 
is  furnished  with  a  mandril,  at  exactly  the  same  height  from  the 
lathe  bed.  The  mandril  in  this  head  is  hollow,  and  admits  of 
longitudinal  motion,  by  means  of  an  internal  screw,  worked  by  the 
hand  wheel  shown  at  the  back  of  the  head.  The  poppet  bead  is 
also  capable  of  sliding  on  the  lathe  bed,  being  secured  in  any  re- 
quired position  by  means  of  a  clamp  drawn  up  tight  against  the 
lower  side  of  the  top  of  the  lathe  bed,  by  means  of  the  boll  and  nut 
shown.  Each  of  the  mandrils  is  fitted  with  a  conical  centre, 
whereby  work  to  be  operated  upon  is  supported.  On  the  mandril 
of  the  front  head  is  shown  a  disc  or  chuck,  whereby  the  work  in  the 
machine  is  caused  to  revolve  with  the  mandril.  Some  chucks  are 
simple  perforated  discs,  perforations  allowing  bolts  to  be  passed 
through,  by  moans  of  which  the  work  is  secured.  Other  chucks 
are  made  with  L-shaped  pieces  of  iron,  or  dogs,  aa  they  are  called, 
nliding  on  the  surface,  their  position  being  regulated  by  means  of 
screws  fixed  in  slots  in  the  chuck,  and  gearing  in  nuta  at  the  backs 
of  the  dogs.  A  cup  chuck  is  a  metal  cup,  having  in  its  periphery 
nix  or  eight  set  screws,  by  means  of  which  articles  to  be  turned  or 
bored  are  held.  This,  like  the  other  chucks,  has  on  aperture  bored 
through  its  centre,  screwed  inside,  in  order  that  it  may  be  attached 
to  the  screw  naie  of  the  mandril. 

Above  the  latter  is  shown  the  overhead  driving  gear.     It  con 
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^^w^^f  a  sliort  shaft,  supported  in  bearings,  carried  by  two  hanger 
brackets.  On  this  shall  are  fixed  first,  a  pair  of  large  fast  and 
loose  riggers ;  second,  a  pair  of  small  riggers ;  thirdly,  speed  rig 

Igera.  The  latter  are  connected  with  the  speed-riggers  on  the  man 
dril  of  the  front  lathe  head,  whilst  the  fast  and  loose  pulleys,  large 
or  small,  as  the  case  may  be,  are  connected  by  a  strap  with  the 
joain  driving  shafts  of  the  factory ;  when  the  lathe  is  to  be  driven, 
the  strap  \a  placed  upon  the  fast  pulley,  which  being  firmly  keyed 
to  the  short  shaft,  the  latter  is  cause*!  to  revolve.  When  the  lathe 
is  to  be  stopped,  the  ptrnp  is  shifted  to  the  loose  pulley.  The  strap 
is  shifted  by  means  of  a  fork,  fixed  on  a  sliding  bar,  as  shown, 
which  may  be  moved  by  means  of  a  long  lever  or  handle. 

For  boring  largo  cylinders  in  the  lathe,  a  boring  bar  is  em- 
ployed, being  placed  between  the  centres  and  within  the  cylinder 
to  be  bored,  which  latter  is  bolted  down  to  the  lathe  bed.  Upon 
the  boring  bar  is  a  disc,  called  a  boring  head,  which  carries  small 
catters  to  operate  upon  the  interior  of  the  cylinder  to  be  bored ;  it 
ia  moved  longitudinally  by  means  of  a  screw  let  into  a  groove  in 
the  boring  bar.  this  screw  being  caused  to  revolve  by  means  of 
gearing  at  one  extremity.  The  lathe  may  be  supported  on  iron 
frames  or  timber  blocks  as  may  be  most  convenient. 

"We  will  now  proceed  to  describe  the  slotting  or  grooving  ma- 
chine, of  which  a  view  ia  shown  (Plate  V).     This  consists  of  a 
stout  frame,  carrying  at  its  lower  extremity  a  table,  which  admits 
of  motion  in  three  directions, — forward.^,  laterally,  and  a  revolving 
notion.     To  the  upper  part  of  the  frame  guide  blocks  are  attached, 
^^pod  within  these  guide  blocks  a  square  bar  moves  vertically.     Mo- 
^^bJdii  is  imparted  to  this  bar  or  slide  by  means  of  a  link,  the  upper 
HTextremity  of  which  is  attached  to  a  pin,  which  forms  the  piolon- 
gxtion  of  a  stud,  bolted  to  the  vertical  slide,  which  stud  is,  how- 
ever, adjustable  by  means  of  a  screw  working  within  the  slide. 
The  lower  end  of  the  link  is  attached  to  a  pin  capable  of  adjust- 
ment in  a  groove  running  diametrically  across  a  disc.     By  the  ad- 
justment of  the  position  of  this  pin  on  the  disc,  any  stroke  of  the 
vertical  slide  up  to  about  fourteen  inches  may  be  obtained.     The 
grooved  disc  is  carried  by  the  end  of  a  shaft,  to  the  other  extremity 
of  which  is  attached  a  large  tooth  orspur-wheel.     This  large  spur- 
^Hirbeel  gears  with  the  pinion  on  the  driving  shaft,  the  motion  of 
^^■fbicb  is  rendered  more  uniform  by  a  fly-whccl  firmly  keyed  uu  to 
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it.  The  apparatus  is  fitted  with  speed-riggers  and  overhead  moflol^"*  * 
similar  in  principle  to  those  furnished  to  the  latlie  already  described. 
Oa  the  secondary  shaft,  that  which  carries  the  grooved  disc,  is  Used 
a  cam,  as  shown,  consisting  of  a  cylinder,  havin;<  on  its  periphery 
a  groove  formed  like  a  screw,  returning  into  itself.  This  groove  is 
fitted  with  a  pin,  carried  at  the  extremity  of  one  arm  of  a  bell- 
orank.  To  the  other  arm  of  the  bell-crank  is  attached  by  a  pin  a 
link,  the  lower  extremity  of  which  is  connected  with  a  second 
crank,  carrying  also  a  pall,  by  means  of  which  a  feed  or  self-acting 
motioQ  is  given  to  the  table  for  the  machine;  for  as  the  cam  re- 
volves the  pall  moves  backwards  and  forwards,  sliding  over  the 
teeih  of  the  wheel  in  one  dicection,  and  pushing  tlie  wheel  before 
it  on  its  return.  The  wheel  can  thus  be  made  to  revolve  by  inter- 
mittent movements  in  either  direction,  by  turning  the  pall  on  either 
side  of  the  centre  as  may  be  required,  or,  if  necessary,  the  pall  can 
be  thrown  out  of  gear  altogether.  There  is  another  link  proceed- 
ing from  the  hell-crank,  which  carries  this  pall  to  an  arm  working 
upon  the  centre  of  another  wheel,  which  is  also  fitted  with  a  pall, 
in  order  to  obtain  self-acting  motion  of  the  table  laterally.  To  the 
lower  extremity  of  the  vertical  slide  are  fitted  two  clamps  for 
holding  tlie  cutting  tool  as  shown.  The  machine  here  illu-strated 
admits  of  articles  of  very  large  diameter,  nearly  eight  feel,  being 
intended  to  slot  railway-  wheels ;  but  for  other  purposes  similar 
apparatus  are  made  with  less  clearance. 

Plate  VII.  exhibits  a  very  simple  bilt  useful  form  of  shaping 
jnacliines.  It  consists  of  a  stout  table  or  foundation-piece,  to  one 
side  of  which  is  attached  a  table  or  chuck,  to  hold  work  whilst  it 
is  undergoing  the  process  of  planing.  This  table  may  be  raised 
and  lowered  by  means  of  a  vertical  screw,  being  kept  in  position 
by  guide  blocks  working  in  two  vertical  screws.  To  the  op- 
posite side  of  the  foundation-piece  brackets  are  attached,  carrying 
a  short  shaft,  on  which  speed-riggers  and  spur-wheels  are  fi.xed. 
One  of  those  spur-wheels  gears  in  a  larger  wheel  placed  above  and 
Ijehind  it.  This  wheel  is  fi.\ed  on  a  shaft  carrying  a  slotted  disc, 
■which,  by  means  of  a  link,  similar  to  that  described  as  appertain- 
ing to  the  slotting  machine,  drives  a  horizontal  slide.  To  the  ex- 
tremity of  this  slide,  by  means  of  set  screws,  shown,  the  cutting 
lool  is  held  in  a  frame  cajtablo  of  oscillating  on  an  axis,  in  order 
to  allow  the  cutting  tool  to  rise  on  the  return  stroke,  thereby  pre- 
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R^^g  Ae  risk  of  breakage.     Tlie  tool  is  capable  of  adjustment 
L  vertically  by  a  TCrtieal  Bcrew,  and  angularly  by  a  tangeut  screw 
[  and  quadrant,  as  shown  in  the  front  elevation.  "  Tlie  horizontal 
slide,  with  the  cutting  tool  and  gearing,' admits  of  a  lateral  mo- 
tion, being  fitted  accurately  to  the  upper  surface  of  the  foundation- 
piece,  this  lateral  motion  being  imparted  to  it  by  means  of  a  screw 
and  nut.     All  the  movements  in  this  machine  may,  if  it  is  desired, 
be  fitted  with  feetls,  in  order  to  render  it  self-afting.    We  may 
I  here  observe  that  the  grooves  in  the  chuck  or  table  are  undercut, 
I  in  order  to  admit  tie  heads  of  bolts,  whereby  the  work  is  securely 
I  fixed.     The  usual  driving  gear  is  furnished  to  this  machine. 
I       We  will  now  proceed  with  the  description  of  a  drilling  machine, 
I  iUostrated  Plate  VIII.     This  machine  consists  of  a  stout  frame, 
I  carrying  at  its  lower  part  a  table  or  chuck  capable  of  vertical  rao- 
I  tion,  and  at  its  upper  part  two  arms,  supporting  the  drilling  gear. 
I  The  driving  riggers  and  accompanying  gearing  are  similar  to  that 
I  exhibited  on  the  Lead  stock  of  the  lathe  previously  described  ;  but 
I  motion  is  communicated  from  the  horizontal  mandril  to  the  vertical 
1  spindle  by  means  of  bevelled  or  mitred  wheels,  as  shown.     The 
P  vertical  spindle  is  hollow,  containing  the  drilling  shaft,  which  haa 
at  its  lower  extremity  a  socket  for  the  drills,  and  at  its  upper  ex- 
tremity a  screw  by  which  it  is  raised  or  lowered.     At  the  back  end 
of  the  horizontal  driving  shaft  are  some  small  speed  pulleys  con- 
Deeted  by  a  strap  with  a  similar  series  on  a  parallel  shad  placed 
lower  down,  and  having  at  its  front  extremity  a  short  screw,  which 
gears  with  a  worm-wheel  on  the  lower  end  of  a  vertical  shaft,  par- 
L  allel  with  the  drilling  spindle.     The  upper  cod  of  this  shaft  carries 
I  a  qiur-whecl,  which  gears  with  another  fixed  to  the  nut,  by  which 
the  screw  attached  to  the  upper  end  of  the  drilling  spindle  is  raised 
or  lowered;  thus  the  machine  is  made  self-acting.     To  the  lower' 
end  of  the  smaller  vertical  shaft  is  fixed,  as  shown,  a  hand-wheel, 
so  that  the  feed  may  be  applied  by  hand,  if  required.     This  ma- 
chine may  be  used  either  with  drills  or  small  boring  bars,  carrying 
cotters  fixed  in  slots.     The  driving  gear  is  of  the  usual  form. 
Plate  IX.  represents  a  planing  machine.     It  consists  of  a  stoni 
|-l)ed  or  foundation-piece,  furnished  with  two  grooves.     Upon  tliie 
■  bed  slides  a  table  furnished  with  pieces,  which  fit  the  grooves. 
I  This  table  is  cansed  to  move  recUllnearly  by  a  pinion  acting  upon 
I  lacfc  attached  to  its  lower  side.     This  pinion  is  driven  by  gear- 
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ing  connecting  it  with  a  driving  shaft  having  three  wTieela  drt^^ ' 
gera,  the  centre  one  being  loose  and  the  outer  two  being  so 
arranged  that  when  the  strap  is  on  one  wheel  a  slow  motion  to- 
wards the  cntting-tooI  is  obtained,  and  when  it  is  upon  the  other 
wheel  a  rapid  motion  from  the  uutting-tool  ia  obtained.  The  strap 
u  shifted  at  the  end  of  each  stroke  by  means  of  a  pair  of  stop^ 
clamped  to  the  bottom  of  the  table.  These  stops  strike  an  arm  on 
a  shaft,  throwing  it  backwards  and  forwards,  wherebj  the  motion 
13  reversed  and  the  requisite  feed  imparted  to  the  cutting  tool. 
Near  ono  end  of  the  bed  a  pair  of  stout  frames  are  fixed,  one  on 
each  aide,  connected  at  the  top  by  a  strong  bracing  piece.  The 
front  faces  of  the  upright  posts  of  these  frames  are  accurately  fin- 
ished, and  carry  a  long  transverse  slide,  which  may  be  raised  or 
lowered  by  means  of  vertical  screws  outside  the  post,  worked  by 
bevel  wheels  gearing  into  others,  fixed  on  a  transverse  shaft  pass- 
ing over  the  top  of  the  frames.  On  the  centre  of  the  transverse 
slide  ia  the  tool-holder,  fitted  on  a  slide  with  a  vertical  adjustment, 
and  also  an  angular  adjustment.  Iliis  slide  may  be  moved  hori- 
zontally or  vertically  by  the  self-feeding  apparatus  mentioned 
above ;  the  former  being  obtained  by  means  of  a  Bcrew  in  the 
transverse  slide,  and  the  latter  by  a  sliding  bevel-wheel  on  a  shafl 
in  the  same,  which  gears  with  another  bevel-wheel  on  the  vertical 
adjusting  screw  of  the  tool-holder.  In  this  apparatus,  as  in  the 
ghaping  machine,  the  tool  rises  at  the  return  stroke  of  the  table, 
the  tool-bolder  working  upon  gudgeons.  In  order  to  plane  the 
Bides  of  wide  work,  tool-holders  are  attached  to  the  vertical  posta 
of  the  side  frames  or  standards.  The  feed  is  applied  by  means  of 
palls,  the  arms  to  which  they  are  attached  being  worked  by  a  ver- 
tical rod,  which  rises  and  falls  according  to  the  motion  of  the 
ahaft,  by  which  the  strap  is  shifted  at  the  termination  of  each 
stroke. 

llate  X.  exhibits  a  view  of  a  punching  machine  of  peculiar  con- 
struction. On  one  side  of  the  apparatus  is  a  punching,  on  the 
other  side  a  shearing,  arrangement.  These  are  worked  by  levers, 
as  shown,  the  punch  and  upper  shearing  edge  being  alternately 
raised  and  lowered  by  means  of  the  cams,  shown  in  dotted  lines. 
These  cams  are  upon  a  shaft  carrying  a  large  spur-wheel,  to  which 
motion  is  communicated  by  a  pinion  on  the  driving  shaft. 

Punching  and  shciring  machines  are  generally  made  with  ver. 
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I  slides^  as  in  the  above  apparatus ;  whicb,  however,  are  drin 
by  eccentrics  ivorking  in  rectangular  spaoes  wilbin  them,  of  eucli 
dimensions  tliat  the  width  of  the  ajiertiire  allows  for  the  latenJ 
plav  of  the  eccentric ;  whereas  the  height  of  the  aperture  is  equal 
to  the  diameter  of  the  eccentric. 

Messrs.  C.  De  Bergne  and  Co.  have  patented  an  exceedingly  in- 
genious punching  and  shearing  machine.  It  consists  mainly  of  a 
stout  frame,  containing  within  it  a  rocking-frame  worked  by  aD 
eccentric.  The  lower  part  of  this  frame  is  wide,  carrying  on  one 
Bide  a  shearing  edge,  on  the  other  a  punch. 

Mr.  Cochrane,  of  the  Woodside  Iron-works,  Dudley,  has  con- 
rtmcled  some  drilling  machines,  containing  eighty  drills  each,  to 
drill  the  pktes  of  the  railway  bridge  now  in  construction  at  Char- 
ing Cross,  The  feed  is  applied  by  hydraulic  pressure.  It  Kai" 
been  found  that  with  eighty  one-inch  drills  plates  five  eightJis  of 
an  inch  could  be  economically  perforated  in  fifteen  minutes. 

Besides  the  machinery  already  noticed,  machines  are  made  in 
which  nuts  and  screws  can  be  produced.  They  are  fitted  with 
easily  moved  slide  rests,  which  rests  are  drawn  along  by  the  action 
of  the  threads  following  the  cutting  edges. 

The  nut-shaping  machine  consists  of  a  table,  to  which  is  fitted  a 
head  stock  and  driving  gear;  upon  the  mandril  is  a  rotatory 
cutter,  with  cutting  edges  on  its  face  and  also  on  its  periphery.  In 
front  of  this  cutter  is  a  circular  piece  of  metil,  formed  with  six  or 
eight  equidistant  notches  in  its  edge,  into  which  a  poll  may  be 
caused  to  fall,  to  retain  the  plate  or  chuck  during  the  operation  of 
fikcing  one  side.     The  top  of  the  nut  is  faced  by  the  periphery. 

A  dividing  engine  is  a  species  of  lathe  with  a  divided  chudi^ 
palls  tailing  into  the  divisions. 

In  addition  to  the  machines  described,  other  apparatus  are  fre- 
quently required  for  the  execution  of  work  of  a  peculiar  character. 

Some  minor  machines  will  be  described  whilst  treating  of  the 
manipulations  conducted  in  the  workshop. 


In  tlie  preaent  chapter  we  purpose  to  describe  the  manipiilatioii3 
with  which  the  mechanical  engineer  must  be  acquainted  in  order 
to  reduce  rough  castings  and  forgings  to  accurate  forma,"  and  to  fit 
together  and  erect  the  machines  of  which  those  forma  are  the 
eliraeuta. 

The  most  cooreniont  method  of  describing  these  manipulationa 
will  be  to  commence  with  the  rough  castings  and  forgings,  and 
follow  them  through  the  various  processes  which  they  must  un 
dergo  previous  to  their  completion.  Let  us  commence  with  tho 
casting  of  a  steam-engine  cylinder,  with  its  covers  and  slides.  The 
cylinder  may  first  be  fixed  upon  the  bed  of  the  lathe  and  bored, 
the  boring  being  effected  in  the  following  manner.  I^et  tti^lj 
boring-bar  be  placed  between  the  centres,  and  fitted  with  a  horinj 
head,  in  diameter  nearly  equal  to  the  internal  diameter  of  tlu 
cylinder.  In  this  boring-head  several  cutters  are  fixed,  the  angldj 
of  the  cutting  edges  being  nearly  90°.  By  this  means  m 
remove  the  greater  portion  of  the  excess  of  the  material ;  biit  in 
taking  the  last  cut,  the  lathe  must  not  be  stopped  after  the  com- 
mencement of  the  cut  until  the  completion  of  the  same,  and  tho 
cut  should  be  taken  by  a  point-tool,  which  will  give  most  acGurat3 
results;  for  although  the  interior  of  the  cylinder  may  look  and 
feel  rough,  it  will  be  found  after  a  few  days  of  active  working  to 
have  worn  smooth,  which  will  not  occur  so  satisfactorily  if  the 
cylinder  be  improperly  bored. 

The  ends  or  flanges  of  the  cylinder  may  also  be  faced  up  before 
removing  it  from  the  lathe  by  cutters  fixed  to  a  elide  attached  to 
the  boring-head. 

The  cylinder  having  been  bored,  it  may  be  removed  to  the  plan- 
ing machine,  where  the  port  faces  may  be  planed;  in  this,  as  in 
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tba  last  operation,  tlie  finishing  cut  should  be  taken  by  a.  point- 
tool.  These  port  faces  wilt  subsequently  require  further  treatment 
to  reduce  them  to  a  plane  surface  as  nearly  as  possible ;  but  we 
will  now  consider  the  preparation  of  the  cylinder  covers. 

Each  cylinder  cover  may  be  chucked  in  an  ordinary  lathe, 
turned  on  the  edge,  faced  on  the  under  side  of  the  flange,  and  the 
npper  cover  bored  out  at  the  stuffing-box.  The  covers  may  then 
be  placed  in  position  upon  the  cylinder,  and  the  holes  by  which 
they  are  to  be  connected  with  the  latter  drilled  under  the  drilling- 
machine. 

We  will  next  speak  of  the  operation  of  facing  the  ports ;  we 
must,  however,  first  pause  to  mention  the  instruments  used  by  the 
enginaer  to  measure  and  mark  out  his  work.  The  first  of  these, 
the  dividers  or  compasses,  are  too  well  known  to  need  any  descrip- 
tion at  our  bands.  The  callipers,  intended  for  taking  diameters 
and  thicknesses,  are  similar  to  compasses,  with  curved  legs ;  for 
taking  thicknesses  and  diameters  external,  the  legs  should  be 
bowed  outwards,  but  for  taking  che  width  of  recesses  and  internal 
duuneters,  they  shonld  be  bowed  inwards ;  but  one  pair  may  be 
made  to  answer  both  purposes.  The  mechanic  will  also  require 
squares,  straight-edges,  and  planometers,  or  surface- plates.  Squares 
may  be  tested  by  ruling  a  very  fine  line,  holding  the  pcncU  close 
against  the  edge  of  the  square,  then  reversing  the  square,  and 
drawing  another  fine  line  coinciding  at  some  point  with  the  for- 
mer; then  if  the  lines  coincide  throughout,  the  square  is  correct^ 
if  not,  the  contrary  is  the  case.  The  straightness  of  the  blade  of 
the  square  may  bo  tested  in  the  same  way  as  that  of  au  ordinary 
straight-edge,  which  is  effected  thus :  rule  a  line  as  before,  after 
vhicb  turn  the  straight-edge  end  for  end,  make  the  two  ends  of  the 
straight-edge  coincide  with  the  extremities  of  the  line  already 
ruled,  then  rule  another  fine  line ;  if  this  coincides  in  every  part 
of  its  length  with  the  first  line,  then  is  the  straight-edge  accurate , 
but  if  otherwise,  the  two  lines  will  contain  a  space,  and  as  two 
stnight  lines  cannot  contain  a  space,  the  edge  must  be  inaccurate. 

It  may  be  interesting  here  to  describe  the  method  to  be  pursued 
in  making  a  straight-edge-     Three  straight-edges  should  be  made 
.together ;  for  this  purpose  three  strips  of  metal  are  laid  side  by 
ride,  and  planed  as  true  as  possible ;  we  will  number  them  < 
two,  and  three.     In  the  first  place,  numbers  one  and  two  are  filed 


Ri 


MECHAS"ICAI.    ESGINEEBINQ. 


and  scraped  until  tbey  accurately  fit  each  other,  so  that,  wtcn  held 
up  to  the  light,  no  light  cau  be  aeen  between  them.  Numbera  one 
and  three  and  two  and  three  must  also  be  made  to  agree ;  then, 
when  any  two  of  the  atratght-edges,  taken  indiscriminately,  accu- 
rately coincide,  all  the  straight-edges  are  perfectly  true. 

We  will  now  proceed  to  dbsoribe  the  planoraeter,  or  sur&ice- 
plate,  in  reference  to  its  construction  and  use.  Two  should  be 
made  together ;  they  should  consist  of  a  flat  cast-iron  plate,  sup- 
ported by  webs  at  the  back ;  the  two  plates  are  planed  with  a 
point  tool,  then  filed  and  scraped  until,  if  a  straight-edge  be  laid 
upon  one  in  any  position,  the  light  cannot  be  seen  between  the 
straight-edge  and  surface- pi  ate.  Ruddle,  or  other  red  coloring- 
matter,  is  then  rubbed  upon  one  of  the  two  surface -plate-s,  and  the 
other  Burface-plate  is  placed  upon  it  and  moved  about,  when  it  is 
evident  the  highest  points,  or  points  of  contact  of  the  two  plate^ 
will  be  colored ;  these  are  scraped  down,  and  the  process  repeated 
continually,  until  upon  rubbing  the  plates  together  the  coloring- 
matter  becomes  uniformly  distributed  upon  the  entire  surface. 

In  the  same  manner  as  the  planometer  is  made,  the  port-faces 
of  the  steam- cylinder  arc  made  true,  ruddle  being  rubbed  on  the 
planometer,  which  is  then  moved  about  upon  the  port-face ;  the 
parts  of  the  portface  which  become  colored  represent  the  highest 
pointe,  which  are  therefore  scraped  down,  and  the  process  repeated 
continually  until  the  bearing  is  uniform,  which  is  indicated  bj 
uniformity  of  the  color  taken  up  by  the  port-face.  The  slide 
which  moves  upon  the  port-face  is  then,  by  means  of  the  plano- 
meter, brought  to  as  true  a  surface  as  possible,  after  which  the 
slide  and  port-face  are  by  a  similar  method  made  to  bear  accurately 
upon  each  other. 

If  any  part  of  the  cylinder  be  of  intricate  curved  form,  the 
shaping  machine  may  in  many  cases  be  employed  with  advantage 
to  operate  upon  such  part;  if,  however,  this  apparatus  ia  not 
applicable,  then  must  the  surface  be  finished  by  hand. 

We  now  proceed  to  consider  the  completion  of  the  piston  and 
piston  rod.  The  body  of  the  p^ton  will  consist  of  a  short  cylin- 
drical piece,  or  disc,  having  on  its  lower  surface  a  flange  and 
Iwing  fitted  at  its  upper  surface  with  a  movable  fiange,  called  a 
junk-ring,  this  junk-ring  being  retained  in  position  by  bolts. 
Between  the  Iwo  flanges,  and  around  the  body  of  the  piston,  are 
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placed  elastic  packing-rings  of  cnst-iron;  these  rings  are  cut 
thicker  on  one  side  than  on  the  other,  in  oriler  that  they  may  bo 
equally  elastic  all  round.  The  upper  and  lower  surfaces  of  these 
rings  must  be  accurately  fitted  by  scraping  to  the  flanges  of  the 
piston ;  the  body  of  the  piston  is  bored  in  the  centre  in  order  to 
allow  of  the  attachment  of  the  piston-rod,  which  is  fixed  in  position 
by  a  bolt,  or  nut,  or  by  a  key,  or  other  convenient  means. 

VTc  next  come  lo  the  construction  of  the  piston-rod,  which  is 
usually  made  of  round  iron.  A  piece  of  suitable  dimensions 
having  been  chosen,  the  centre  of  each  extremity  is  found  as 
nearly  as  possible,  marked  with  a  centre-punch,  and  by  the  in- 
dentations thus  made  the  bar  is  suspended  between  the  lathe- 
centres  and  eausL'd  to  revolve  while  a  piece  of  chalk  is  held 
B^inst  it.  If  it  does  not  run  truly  between  the  la  the- centres,  the 
highest  parts  will  be  indicated  by  a  chalk-mark.  The  bar  is  then 
removed  from  the  lathe  and  recentred,  and  the  operation  repeated 
until  the  centres  are  sufficiently  accurate  in  position,  after  which 
s  ring  is  passed  over  one  end  of  the  bar,  and  firmly  held  upon  it 
by  means  of  a  set  screw :  this  ring  has  at  one  part  of  its  periphery 
&n  arm,  and  ia  called  a  carrier.  The  bar  is  then  replaced  in  the 
Inthe,  with  the  carrier  next  to  the  chuck  on  the  lathe  mandril,  bo 
that  the  work  may  be  caused  to  revolve  by  means  of  a  bolt 
attached  to  the  chuck,  which  comes  in  contact  with  the  arm  on 
the  carrier. 

The  greater  part  of  the  superfluous  metal  is  then  removed  at 
one  cut  by  means  of  a  point  tool,  after  which  the  remainder  of  tho 
motal  over  and  above  the  necessary  quantity  is  removed  by  a 
lighter  cut,  when  the  piston  rod  may  be  fitted  to  the  piston, 

"We  will  now  describe  the  remaining  implements  used  by  the 
6tter  and  erccter  for  the  completion  of  work  which  has  already 
been  operated  upon  in  the  lathe  or  other  machine. 

The  first  and  most  indispensable  piece  of  apparatus  is  the  tail- 
vice,  or  smith's  vice,  shown  Fig.  23,  It  consists  of  a  large  vice 
with  long  jaws,  one  of  which  is  prolonged  into  a  tail,  the  lower 
extremity  of  the  tail  being  fixed  in  a  block  attached  to  the  floor ; 
at  the  upper  part  of  the  vice,  just  Ixineath  the  screw  by  which 
the  jaws  are  closed,  ia  a  strip  of  iron,  by  means  of  which  the  yioe 
ifl  firmly  screwed  to  the  work-bench.  The  vice  should  be  liir- 
nished  with  pieces  of  tin  and  copper,  to  hold  work  whieh,  would. 
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be  damaged  by  the  teetli  of  tlie  vice ;  also,  for  a  similar  purpose, 
clama  should  be  made  of  an  alloy  coosistiui^  of  nine  and  a  lialf 
parts  of  lead  to  one  part  of  antimony. 

Tlie  litter  and  erecter  will  also  require  a 
scribing-block,  which  consists  of  a  piece  of  meta! 
jointed  to  a  wooden  blot-k  at  one  end,  and  having 
at  the  other  a  point ;  it  is  useful  for  marking 
centres,  and  for  similar  purposes. 

In  filing  flat  surfaces  considerable  practice  is 
required,  in  order  to  avoid  rounding  them,  in 
which  consists  the  projier  use  of  the  file;  and 
this  is  a  matter  in  which  nothing  short  of  actual 
ex]>erience  can  be  of  any  value,  hence  we  shall 
not  further  dilate  upon  it. 

In  fitting  round  surfaces,  such  as  a  shad  to 
its  bearings,  a  method  somewhat  similar  to  that 
used  for  truing  plane  surfaces  is  used ;  the  shaft 
is  turned  and  the  bearings  are  bored  as  accu- 
rately as  possible,  after  which  some  ruddle  is 
rubbed  upon  the  shaft,  which  is  then  worked  in  contact  with  the 
bearings.  By  this  means  the  first  points  of  contact  are  indicated, 
which  are  scraped  down,  and  the  process  repeated  until  a  sufficient 
degree  of  accuracy  is  attained. 

In  conclusion  of  these  brief  remarks  upon  manipulation,  we 
may  observe  that  in  erecting  machinery  it  is  very  necessary  to 
have  marks  upon  various  parts  in  line  with  each  other,  in  order 
to  supply  a  means  of  determining  whether  any  settlement  or  other 
derangement  occurs  subsequently. 


CHAPTER  Vn. 

ON  THE   PHYSICAL   BASIS  OP  THE   STEAM-ENGINE* 

In  the  present  chapter  we  purpose  to  treat  of  the  physical  basi? 
of  the  steam-engine,  or  in  other  words  to  examine  the  physical 
force  upon  which  the  action  of  the  steam-engine  depends,  this  force 
being  heat. 

With  regard  to  the  theory  of  heat,  we  cannot  prove,  certainly, 
in  what  heat  consists ;  but  it  seems  highly  probable  that  it  consists 
in  motion  of  the  atoms  of  which  various  bodies  are  composed. 
The  ordinary  eflfects  of  heat,  such  as  expansion,  contraction,  lique- 
faction, and  volatilization,  are  too  well  known  to  require  any 
account  at  our  hands ;  but  we  have  yet  to  explain  the  circum- 
Btances  under  which  these  phenomena  take  place. 

We  must  first  mention  the  manner  in  which  heat  is  conveyed 
from  place  to  place.  This  may  occur  in  three  different  ways, — by 
radiation,  by  conduction,  and  by  convection.  By  the  first  method 
we  understand  the  heat  to  be  propagated  through  gaseous  matter ; 
thus,  if  we  hold  our  hand  in  the  neighborhood  of  a  heated  body 
we  experience  a  sensation  of  warmth,  the  heat  being  radiated,  as 
it  is  termed,  through  the  air  and  communicated  to  the  hand.  The 
term  conduction  signifies  the  passage  of  heat  through  a  solid 
body ;  thus  if  we  place  the  end  of  a  bar  of  metal  in  a  furnace, 
keeping  hold  of  the  other  end,  we  shall,  after  a  short  space  of  time, 
find  that  the  heat  has  passed  along  the  bar  and  is  communicated 
to  the  hand.  Let  us  now  compare  these  processes  of  radiation  and 
conduction  in  order  to  determine  in  what  relation  they  stiind  to 
each  other.  If  we  accept  the  dynamic  theory  of  heat,  the  follow- 
ing explanation  will  hold  good.  In  the  case  of  radiation  in  the 
example  first  mentioned,  the  atoms  of  which  the  heated  body 
consists  are  moving  within  a  certain  limited  sphere  with  an 
abnormal  velocity,  the  sphere  being  increased  according  to  the 

*  See  Preface. 
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velocity  with  wliich  tliey  move,  tliua  creating  expansion;  tliese 
atoms  commuiiicata  motion  to  the  neigliboring  atoms  of  tlie  cir- 
ciimainbik.'nt  air,  wliich  coramuTiicate  their  motion  to  othtr  aloma 
of  air.  until  tlie  hand  is  reached.  In  the  second  example,  thft 
movement  of  the  heated  particles  in  the  fumaoe  ia  coramunicatijd 
to  the  nearest  atoms  of  the  bar  of  iron,  from  these  to  the  next,  and 
BO  on  to  the  farther  extremity.  These  two  examples  diffi;r  only  in 
the  medium  through  which  the  heat  is  propagated, — in  the  one 
case  it  ia  gaseous,  and  in  the  other  it  is  solid,  hut  in  both  cases 
the  method  of  propagation  appears  similar.  A  portion  of  the 
heat  is,  however,  carried  oft'  by  the  heated  particles  of  air  by  the 
metliod  of  conveetiou  which  we  will  now  proceed  to  describe. 

L^t  us  suppose  that  we  apply  heat  to  a  liquid,  say  water,  we 
shall  find  that  the  heated  particles  will  rise  to  the  surface,  being 
replaced  by  cooler  ones :  thus  the  heat  is  conveyed  away,  the 
heated  particles  passing  away  from  the  source  of  heat.  A  similar 
result  occurs  when  gases  are  heated,  an  upward  current  being 
created.  The  motion  of  the  particles  away  from  the  source  of 
heat  in  the  case  of  convection,  is  easy  of  explanation  according  to 
the  dynamic  theory,  "We  may  suppose  that  the  atoms  nearest  the 
source  of  heat,  when  their  temperature  is  raised,  revolve  in  their 
gpheres  with  increased  rapidity,  at  the  same  time  increasing  the 
range  of  their  sphere  of  rotation ;  thus,  a  fewer  number  of  atoms 
will  bo  contained  in  a  given  bulk  at  any  given  temperature,  thaa 
will  bo  contained  in  the  same  hnllc  at  a  lower  temperature;  hence 
the  specific  gravity  of  the  heated  liquid  will  be  less  than  that  of 
the  (;ool  liquid,  wherefore  the  former  will  rise  to  the  surface  of 
the  latter  with  a  velocity  proportional  to  the  difference  of  tern- 
perature,  thus  producing  the  phenomena  of  convection. 

"We  may  next  speak  of  the  so-called  latent  heat,  a  term  whicli 
we  consider  as  tending  to  lead  to  erroneous  conclusions. 

If  we  evaporate  say  one  ounce  of  water,  and  cause  the  whole 
of  the  resuUing  one  ounce  of  steam  to  pass  into  cold  water,  we 
shall  find  that  it  is  capable  of  raising  five  or  six  ounces  of  water 
to  the  boiling-point.  At  first  sight  this  ajtpears  somewhat  inex- 
plicable, for  we  have  one  ounce  of  water  raised  to  a  temperature 
of  212°,  and  evaporated  from  that  temperature,  yielding  one 
ounce  of  steam  also  at  212°,  yet  when  this  one  ounce  of  steam  ia 
condensed,  the  heat  contained  in  it  is  found  capable  of  raising  five 
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or  six  ounces  of  water  at  a  normal  temperature  to  the  boiling- 
point,  212°;  thus  tlie  steam  liaa  yielded  in  condensation  about 
1000°  of  temp'i-ature  beyond  that  indicated  by  the  thermometer, 
That  the  steam  conlained  that  heat  was  certain,  and  also  that  its 
presence  could  not  ha  determined  in  a  direct  manner,  and  at  the 
flune  time  the  duty  done  by  such  heat  did  not  appear  evident  to 
the  discoverer  of  the  fact;  hence,  this  1000"  of  heat  being  hidden 
as  it  were  in  the  steam,  was  called  latent  heat.  It  appears,  how- 
ever, that  this  h'-'at  is  absorbed  in  changing  the  physical  condition 
of  the  aqueous  particles,  being  recovered  when  those  partiules  ara 
restored  to  their  orijiinal  condition. 

It  ts  also  observed  that  whenever  a  body  is  expanded,  heat  dis 
appears,  or  is  absorbed  by  that  body ;  and  whenever  a  body  is 
condensed,  heat  is  evolved.  And  the  converse  also  holds  good 
whenever  heat  is  evolved  condensation  takes  place ;  and  whenever 
beat  is  absorbed  expansion  takes  place.  As  an  example  of  the 
first  case,  let  us  suppose  a  vessel  to  be  filled  with  compressed  air 
*»■  steam,  and  allow  this  air  or  steam  to  issue  through  an  aperture, 
tlien  as  it  passes  into  the  atmosphere  it  will  be  relieved  from  pres- 
eare,  and  will  therefore  expand,  and  upon  holding  the  hand  in  the 
current  of  air,  a  cooling  influence  will  be  felt,  the  air  in  its  ex- 
pansion absorbing  heal  from  the  haTid.  The  same  will  take  place 
;  in  the  ca-se  of  the  jet  of  steam,  which  is  more  curious,  because  the 
exists  at  a  much  higher  temperature  than  the  air.  This 
lit,  vtZt  the  cooling  influence  of  a  jet  of  steam,  is  not  obtained 

ilesa  stt-am  of  a  high  pressure  bo  used. 

With  regard  to  the  evolution  of  heat  under  the  case  of 
oondensation,  we  might  quote  many  instances  as  examples; 
tbe  condensation  of  steam  is,  however,  sufficient  for  our  pur- 


We  may  quote  one  example  in  supjmrt  of  the  statement  that 
^wherever  heat  is  evolved  condensation  takes  place.    This  examina- 
l  con.sists  in  the  combustion  of  a  jet  of  hydrogen  gas  in  an 
tphere  of  oxygen ;  in  this  case  a  very  great  degree  of  heat 
»  evolved,  as  is  observed  in  the  case  of  the  oxyhydrogen  blow- 
pipe, and  a  very  great  degree  of  condensation  occurs ;  the  amount 
lay  ba  imagined  from  the  following  approximate  figures :   To 
produce  one  cubic  inch  of  water,  nine  hundred  cubic  inches  of 
ygen  and  eighteen  hundred  cubic  inches  of  hydrogen  will  be 
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required ;  thus  a  bulk  of  two  thousand  sevun  hundred  cubio 
inches  of  gas  is  condensed  into  one  cubic  ianh  of  water. 

With  rejjard  to  the  absorption  of  heat  occurring  in  conjunction 
with  the  expansion  of  bodies,  we  may  refer  to  volatilization, 
whit-h  never  takes  place  without  a  certain  quantity  of  heat  being 
absorbed  over  and  above  that  which  is  indicated  by  the  ther- 
mometer. 

We  will  next  proceed  to  apeak  of  what  is  termed  specific  heat. 
We  may  illustrate  the  meaning  of  this  term  most  clearly  by  taking 
an  example.  Let  us  suppose  that  a  certain  quantity  of  hydrogen 
gas  must  be  burnt  to  raise  a  pound  of  water  10°,  theu  the  com- 
bustion of  the  same  quantity  of  hydrogen  will  raise  eight  pounds 
of  iron  10°;  we  therefore  say,  tlint  the  specific  heat  of  iron  is 
0"125  or  I,  if  that  of  water  is  called  1  or  unity. 

From  researches  on  heat.  Petit  and  Dulong  have  deduced  a  law 
that  the  specific  heat  is  the  same  for  the  atoms  of  all  simple  bodies, 
and  this  law  is  to  a  certain  extent  borne  out  by  experiment 

We  will  now  pass  on  to  the  transformation  of  heat  into  work 
or  motion. 

Heat  and  motion  bc?ing  mutually  transformable  into  each  other, 
it  would  appL'ar  that  some  constant  ratio  should  exist  between  tha 
quantity  of  heat  and  the  work  efteoted  by  it,  or  between  the 
amount  of  work  required  to  evolve  a  certain  amount  of  heat  and 
the  heat  evolved  by  such  work ;  or  in  other  words,  that  some  me- 
chanical equivalent  to  heat  should  exist.  It  is  perhaps  necessary 
here  to  mention  what  is  meant  by  the  term  work,  in  its  real  si.iase ; 
it  is  a  force  exerted  through  a  space,  and  the  intensity  of  the 
force,  mnltiplied  by  the  space  through  which  it  acts,  is  equal  to 
the  work  done ;  ami  in  this  consists  the  diflerence  between  dyna- 
mic and  static  force,  for  the  latter  is  a  force  at  rest,  or  a  pressure 
which  is  balanced  by  some  other  equivalent  pressure,  or  by  a 
number  of  pressures,  of  which  the  resultant  is  equivalent  to  it ; 
but  in  the  case  of  dynnmic  force  the  pressure  is  not  so  balanced, 
and  in  consequence,  motion  is  produced. 

The  amount  of  work  executed  in  any  particular  case  we  shall 
state  in  foot-pounds, — that  ia  to  say,  we  shall  obtain  our  valuation 
of  the  work  done  by  multiplying  the  force  in  pounds  by  the  dis- 
tance it  passes  through  in  feet.  Thus,  if  a  force  of  weight  equal 
to  30  pounds  is  eaiised  to  act  through  a  iliatancc  of  12  ft,,  the 
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work  done  will  amount  to  360  ft.-lba, ;  also,  if  a  force  t-qual  to  ftO 
pounds  is  caused  to  act  through  a  distance  of  G  feet,  we  shall  also 
obtain  an  amount  of  work  equal  to  3fiO  ft,-lb8.  We  will  now  re- 
turn to  the  mechanical  equivalent  of  heal.  Dr.  Joule  some  time 
fiince  made  some  careful  experiments  in  order  to  determine  the 
mechanical  equivalent  of  heat,  and  the  conclusion  at  which  he 
iirrivfd  was  that  772  ft.-lba.  are  equivalent  to  that  quantity  of  heat 
which  is  requisite  to  raise  one  pound  of  water  1°  Fahrenheit,  thia 
quantity  of  heat  being  adopted  as  the  unit  or  measure,  in  the  same 
•  way  aa  one  inch  is  considered  the  msasuTij  of  length,  or  one  cubic 
I  inch  is  considered  a  measure  of  volume. 

772  fl.-lbs.  is,  then,  the  quantity  of  mechanical  work  which  we 
might  expect  to  gain  for  every  equivalent  of  heat,  but  our  ma- 
chinery is  so  imperfect  that  we  do  not  realize  this  amount. 

The  method  by  means  of  which  we  make  available  to  our  re- 
quireraeats  the  dynamic  force  of  heat,  usually  consists  in  the  em- 
ployment of  the  elastic  or  expansive  force  of  some  gas  or  vapor 
which  has  previously  been  produced  in,  or  compressed  into,  a 
I  spac«  less  than  that  which  it  would  occupy  at  a  normal  pressure. 
When  steam  is  used,  the  requisite  pressure  is  obtained  by  genera- 
I  tiftg  ateara  from  water  contained  in  a  close  vessel,  such  steam  ao- 
K  enmutating  until  the  required  tension  is  obtained ;  and  the  amount 
I  of  steam  generated  will  be  found  to  exceed  the  bulk  of  water 
r  evaporated  to  produce  it  in  the  ratio  of  about  seventeen  hundred 
I  Tolumes  for  one  at  the  ordinary  atmospheric  pressure.  At  twice 
JkikiB  pressure  the  volume  will  be  reduced  to  about  half;  at  fo'ir 
liimes  the  pressure  to  nearly  a  quarter ;  and  so  forth. 
K  If  wo  have  steam  of  a  pressure  of  four  atmospheres  acting  be- 
neath a  piston  fitted  in  a  cylinder,  so  that  it  can  rise  or  fall,  air  and 
I  steam-tight,  the  top  of  the  cylinder  being  open,  then  it  is  evident 
r  that  the  pressure  beneath  the  piston  will  be  four  times  as  great  as 
ubat  above  it,  wherefore  the  piston  will  rise  with  a  force  equiva- 
■Icnt  to  tliree  atmospherea.  The  pressure  of  the  atmosphere  is 
Bibout  147  lbs.  per  square  inch ;  but  it  may  be  taken  in  round 
BSgQrea  at  15  lbs.  per  si^uare  inch. 

K    It  is  in  this  difference  between  the  pressures  on  the  two  sides 
Bflf  B  piston  made  as  nearly  as  pos.'iiblc  air  and  steam-tight,  that  the 
■necbanical  principle  common  tn  all  steam-engines  consists. 
■    There  are  two  ways  of  working  the  steam-engine,  expansively. 
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and  non-expaiisivi?ly ;  nnd  the  engines  are  dividuJ  into  two  cK 
condensing  and  n on- condensing.  In  the  former  a  vacuum  ia  made 
on  that  side  of  the  piston  opposite  to  the  steam  side,  by  condens- 
ing the  steam  which  previously  occupied  that  space;  whereas  in 
the  Don-condensing  engines  the  steam  acts  on  one  side  of  the  pis- 
ton, and  the  atmosphere  on  the  other. 

We  will  now  speak  of  the  two  ways  of  working  engines.  By 
the  first  method,  the  non-expansive  steam  of  the  full  pressure  is 
admitted  during  the  whole  of  the  stroke  of  the  piston, — that  is  to 
say,  during  the  time  of  its  passage  from  one  end  of  the  cylinder 
10  the  other.  Whereas  by  the  second  method,  the  steam  is  shut 
off  when  a  part  only  of  the  stroke  is  performed,  the  remainder 
Deing  executed  by  the  expansion  of  the  steam  already  admitted  to 
the  cylinder. 

It  is  generally  held  that  the  expansive  method  of  working  is 
by  far  the  most  economical ;  hut  experiments  have  recently  been 
performed  by  Stimera,  Tsherwood,  and  others,  upon  an  American 
vessel,  the  results  of  these  experiments  being  in  favor  of  the  non- 
expanaiva  system  of  working.  It  is  however  necessary  to  ex- 
amine with  care  these  experiments,  in  onler  to  determine  whether 
they  afford  really  a  sound  proof  of  the  inefficiency  of  the  ex- 
pansive mode  of  working.  AYe  find  that  in  some  cases  the  quan- 
tity of  steam  required  was  more  when  expansion  in  a  high  degree 
was  employed,  than  when  a  low  rate  of  expansion  was  used ;  thus 
when  the  steam  was  cut  oft'  at  t  of  the  stroke,  the  consumption 
was  32  lbs.  of  steam  per  horse-power  per  hour ;  but  for  ?fl  it  was 
S3  lbs.,  anil  for  rti  34  lbs.  These  are  not  exactly  the  quantities 
used,  the  decimals  having  been  omitted ;  hut  they  are  sufficiently 
accurate  for  our  purpose.  This,  however,  only  leads  us  to  con- 
cludu  that  under  the  circumstances  a  moderate  degree  of  exjiansioQ 
was  found  more  economical  than  an  extreme  degree  of  expansion, 
which  is  not  vary  easily  accounted  for,  the  following  calculation 
appearing  to  show  that  the  liigher  the  degree  of  expansion  em- 
ployed, tho  greater  should  be  the  economy  obtained.* 

Let  us  suppose  that  we  have  a  atcam-cylinder  fitted  with  a  piston, 
the  area  of  which  is  100  square  inches,  and  let  us  have  steam  at  a 

*  The  manner  in  whith  llie  experiments  are  reported  prevents  our  eiumioiDg 
them  thoroughly ;  nlco  neveml  ex|ierimeiit«  were  not  n-ported  ut  all,  and  tho 
lame  /urnacs  was  used  at  dilTereDt  rates  of  firing. 
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jiressure  of  60  lbs.  to  work  with ;  suppose  we  allow  the  full  proa- 
yiire  of  the  ste&m  to  act  tbrougli  lialf  the  stroke,  tlie  entire  Btroke 
Viiig  2  ft,  then  the  units  of  work  executed  during  this  half  stroke 
will  be  the  area  of  the  piston,  multiplied  by  the  pressure  per 
s^juare  inch,  multiplied  by  the  spate  passed  through,  which  will 
bo  ijcjual  to  6000  fL-Ibs.  Let  us  suppose  the  steam  to  be  now  cut 
ofti  then  the  steam  in  the  cylinder  will  expand  to  the  end  of  the 
^tpnke;  being  reduced  to  about  its  nonnal  pressure,  and  occupying 
twice  its  original  bulk,  the  efteetive  work  being  eqiuil  to  the  mean 
pDissure  on  the  piston  during  the  half  stroke :  multiplied  by  the 
area  of  the  piston  and  the  distance  passed  through,  the  menu  pres- 
sure will  be  rather  less  than  half  the  sum  of  the  pressures  at  the 
moment  of  cut-off  and  at  the  termination  of  the  stroke;  this  sum 
will  be  90  lbs.  Let  us  call  the  mean  pressure  40  lbs.,  then  the 
amount  of  work  executed  by  the  expansion  of  the  steam  will  be 
4000  fl.-lbs.,  about !(  of  that  effected  by  the  full  pressure  steam 
acting  through  the  same  space.  The  amount  of  work  executed  by 
one  cylinder  full  of  steam  cut  off  at  half  stroke  will  bo  20,000 
|;ft.-lb3.  If  we  use  the  steam  at  full  pressure  throughout  the  stroke, 
Ltbe  amount  of  work  oxoouted  by  one  cylinder  full  shoulil  be 
L2,000  fL-lbs.,  ;  of  that  executed  by  iho  same  quantity  of  steam 
rorkiog  at  the  above  degree  of  expansion.  It  also  further  ap- 
i  that  all  work  done  after  the  steam  is  cut  off,  is  so  much 
Ctaal  gain,  as,  if  the  steam  were  allowed  to  escape  at  full  jirea- 
I,  the  work  capable  of  being  executed  by  its  expansion  would, 
of  course,  be  lost.  ITow,  then,  are  we  to  account  for  a  loss  of 
economy  when  a  high  degree  of  expansion  is  used  ?  Let  ua  ex- 
amine more  closely  into  the  conditions  of  the  experiments  quoted 
abore,  in  order  to  see  whether  we  cannot  account  for  this  looj. 
We  find  that  the  steam-preasure  employed  was  ceitainly  low,  com- 
mencing with  about  3-4  lbs.  per  square  inch,  and  in  extreme  cases 
being  expanded  down  to  a  pressure  of  5'9  Iba.  per  square  inch,  in 
which  case  the  temperature  of  the  steam  would  bo  reJuecd  from 
279"  down  to  about  229°;  thia  reduction  of  temperature  would  of 
counne  cool  the  surrounding  metal,  which,  in  its  turn,  will  abstract 
heat  from  the  steam  admitted  to  the  cylinder  at  the  next  stroke. 
thereby  causing  a  loss,  this  loss  varying  in  proportion  to  the  dif- 
&n;noa  of  temjjerature  of  the  steam  entering  and  lea\'ing  the 
I  .ejFlilider.  By  using  steam  of  a  higher  pressure  in  the  same  cylin- 
L'fef.  the  proportionato  loss  will  not  be  so  great,  for  although  the 
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loss  expressed  in  degrees  will  be  greater  in  proportion,  the  qxiSMi^ 
of  steam  in  the  cylinder  will  also  be  greater ;  this  point  may,  how- 
ever, be  more  readily  explained  by  an  example.  If  steam  be  ex- 
panded from  30  lbs.  pressure  to  6  lbs.  pressnre,  there  is  a  loss  of 
temperature  of  48°.  The  number  of  units  of  heat  abstracted  from 
the  metal  will  of  course  be  proportional  to  this  quantity,  and  the 
quantity  of  heat  which  the  cool  metal  will  absorb  from  the  hot 
aleam  wilt  also  be  proportional  to  the  same  quantity.  If  we  ex- 
pand steam  at  60  lbs.  down  to  10  Iba.,  the  loss  of  heat  will  be  67°, 
and  the  quantity  abstracted  from  tlio  hot  steam  at  the  next  etroke 
will  be  proportional  to  this;  but  the  quantity  of  metal  has  re- 
mained constant,  whereas  the  weight  of  the  steam  is  doubled : 
hence,  to  heat  the  metal  48°,  steam  at  30  lbs.  pressure  will  have  to 
yield  11  units  of  heat,  whereas  to  heat  the  metal  67°,  steam  at  a 
pressure  of  60  lbs.  per  square  inch  would  only  have  to  lose  7  units. 
These  considerations  tend  to  show  that  the  experiments  give  re- 
sults which  are  reliable  only  under  the  circumstances  under  which 
they  are  conducted,  an<l  that  steam  of  a  higher  pressure  or  engines 
diftereatly  constructed  will  give  different  results. 

Some  well-conducted  experiments  ou  the  relations  of  heat  to 
8t<'am  and  mechanical  work  are  now  very  much  wanted,  and  it 
appears  to  us  that  these  experiments  should  be  performerl  with 
apparatus  of  very  accurate  construction,  admitting  of  a  great 
variety  of  pressures,  and  also  allowing  of  variations  in  the  gi;neral 
circumstances,  in  order  that  the  quantity  of  heat  lost  by  radiation 
and  conduction  may  be  estimated. 

We  may  here  remark  upon  the  use  of  other  gases  besides  steam 
to  propel  thermo-dynaraic  engines.  The  most  important  of  these 
applications  consists  in  the  employment  of  atmospheric  air,  and 
the  air  or  caloric  engines  appears  in  many  respects  to  have  the 
advantage  over  steam-engines:  the  principle  of  working  is  of 
course  similar,  that  is  to  say,  the  air  is  expanded  by  heat  in  order 
to  obtain  pressure. 

Engines  propelled  ty  ether  have  also  been  proposed,  but  we 
are  not  aware  that  they  have  been  found  practically  useful.  We 
would  in  concluding  this  chapter  recommend  our  rcailers  to 
examine  C.  V{.  Williams's  theory  of  the  evaporation  of  water ; 
which  we  have  refrained  from  discussing  in  these  pages,  as  it  is  as 
yet  not  t^stablished,  although  there  are  many  points  of  imporlance 
which  may  be  decided  without  very  great  difficulty. 


CHAPTER  Vm. 

ON  THE  PBINCIPLES   OP   MECHANICAL   CONSTRUCTION. 

We  will  now  give  a  brief  account  of  mechanics  as  applied  to 
tlie  construction  of  machinery,  commencing  with,  an  account  of 
the  means  of  concentrating  power.  We  will  take  as  an  example 
the  ordinary  lever.  It  will  first  be  necessary  to  consider  the 
manner  in  which  a  force  acts  round  a  centre.  Let  us  suppose  a 
force  of  10  lbs.  to  act  perpendicularly  on  one  end  of  a  bar,  of 
which  the  other  end  is  carried  upon  a  centre,  then  the  revolving 
force  upon  that  centre  will  be  proportional  to  the  intensity  of  the 
weight  or  force,  and  to  its  distance  from  the  centre.  Let  the  bar 
be  6  feet  long,  then  the  relative  intensity  of  the  revolving  force 
may  be  represented  by  60  ft.-lbs.  This  revolving  force  is  called  a 
moment.  We  may  find  an  equivalent  moment  by  using  a  weight 
of  6  lbs.  and  a  10  ft.  bar,  for  the  moment  in  this  case  will  also  be 
60  ft.-lbs.  The  general  rule  to  find  the  moment  of  any  given  force 
about  any  given  point  will  be,  multiply  the  in- 
tensity  of  the  force  by  its  distance  from  the  point 
measured  perpendicularly  to  the  direction  of  the 
force.  In  Fig.  24  we  illustrate  the  manner  in 
which  this  distance  is  measured.  A  force  w  acts 
in  the  direction  ab;  it  is  required  to  find  its 
moment  about  the  point  c;  from  c  let  fall  a  per- 
pendicular upon  a  b,  and  call  the  length  of  this 
perpendicular  x,  then  will  the  moment  of  the 
weight  about  c 

=  wx. 

From  the  above  remarks  it  appears  that  any  two  moments  will 
be  equal  when  the  distances  of  the  weights  producing  them  from 
the  centres  to  which  they  are  referred,  vary  inversely  as  the 
weights.    Suppose  this  condition  to   be  fulfilled,   and   let    the 
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moments  act  atout  the  same  centre,  but  in  opposite  direction! 
tten  will  a  condition  of  equilibrium  l>e  attained,  and  in  this  balai 
of  momenta  it  is  that  the  principle  of  tlie  lever  consists. 

Let  us  suppose  that  we  have  an  ordinary  har  supported  at  one" 
third  of  its  length  upon  a  pin  or  gudgeon,  about  which  it  is  free 
to  rev'ilve,  the  weight  of  the  bar  being  at  present  neglected,  and 
let  the  length  of  the  bar  be  9  ft.,  then,  on  one  side  of  the  centre, 
piu,  or  fulcrum,  as  it  is  termed,  there  will  he  a  length  of  6  ft.,  and 
on  the  other  a  length  of  3  ft. ;  let  a  weight  equal  to  500  lbs.  he 
attached  to  the  shorter  end,  it  is  required  to  find  the  weight  which 
must  be  attached  to  the  longer  end  in  order  to  balahce  this 
weight.  The  weights  and  their  distances  must  vary  ioveidely 
as  each  other;  hence  we  may  solve  this  question  by  proportionj 
thus —  I 

6    :    3    ::    500    :    250  1 

250  Ibi.  will  therefoie  be  the  weight  required.  We  iDay  give  as 
the  general  rule  for  solving  similar  questions  the  following.  To 
find  the  weight  which,  attached  to  one  arm  of  a  given  lever,  ' 
balance  a  known  weight  attached  to  the  other  ami,  multiply 
weight  by  the  length  of  the  arm  supportitig  it  and  divide 
product  by  the  length  of  the  other  arm,  the  quotient  will 
quantity  required.     Thus  in  the  above  case  we  have — 

500  X  i  =  250. 
This  nde  will  apply  to  every  kind  of  lever,  care  being  taken 
observe  the  conditions  under  which  it  acta ;  its  principle,  howe- 
is  the  same  whether  the  arms  be  in  a  straight  line  with  each  other/ 
or  whether  they  be  parallel  or  contain  an  angle,  and  if  the  length 
of  the  arms  remains  constant,  the  same  forces  will  maintain  equi- 
librium. Various  forms  of  levers  aie  shown,  Fig.  25,  but  the 
same  length  of  arms  is  preserved  in  every  case.  We  may  here 
observe  that  the  proportions  between  the  weights  and  arms  refer 
to  relative  quantitiei;  and  not  to  absolute;  thus  a  lever  having 
arms  3  ft.  and  6  ft.  long  will  have  the  same  value  as  one  with 
arms  4  ft.  and  8  ft.  long,  for  the  proportion  of  the  arms  is  the  same 
in  both  cases,  as  shown  by  the  following  equation- 


Let  us  now  compare  the  work  performed  when  the  arms  moi 
about  the  fulcrum  in  the  case  of  the  lever  mentioned  abovo. 


Fis.  !5. 
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"  the   long   arm   move   tlirou.;li   1   ft^  iheii   the  amount  6f   work 
executed  will  be 

250    X    1  =  250  ft-lbs. 

BQow  examine  the  amount  of  work  executed  at  the  sama 
e  other  end  of  the  lever.     We  must  first  fiail  the  spoue 

through  which  the  end  of  the  short  arm  will  move,  whilst  that  of 
the  long  arm  moves  through  1  ft.  The  ends  of  the  arms  describe 
circles  about  the  fulcrum ;  hence,  in  moving  through  the  space 
t  mentioned  above,  a  part  of  the  cireumftirence  of  a  circle  will  be 
describ.'d,  and  the  distance  pasaed  through  will  vary  as  the  length 
of  the  arms  which  are  the  radii  of  the  circular  arcs ;  hence,  the  end  of 
the  short  arm,  which  carries  the  500  lb.  weight,  will  move  through 
half  the  space  of  the  long  arm,  or  through  J  ft.,  the  lengths  of  the 
tfiDS  being  6  ft.  and  3  ft.,  and  the  amount  of  work  performed  ai 
the  extremity  of  the  short  arm  will  be 

500   X    J  =  250  ft.-lbs., 
hich  is  equal  to  that  performed  at  the  end  of  the  long  arm. 
I  From  the  above  observationsi,  we  find  that  by  means  of  a  lever 
I  may  raise  a  given  weight  by  ,a  force  equivalent  to  a  much 
aller  weight,  but  at  the  expense  of  time ;  hence,  in  this  case 
r  is  not  gained,  but  a  force  expended  during  a  certain  time  is 
;ntrated  to  overcome  a  greater  force,  the  static  forces  being 
xiual,  but  the  quantity  of  work  done  by  them  in  a  given  time 
5  equal. 

B  may  now  generalize  the  results  of  the  investigation  of  the 
s  of  the  lever,  in  order  to  apply  it  to  other  machines  for  con- 
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centrating  power  ia  the  following  maimer  :^In  any  macliine  let  x 
represent  the  distance  through  which  a  given  force  is  to  be  ex- 
erted, or  through  which  an  equivalent  weight  is  to  be  lifl«"l.  Let 
w  equal  this  weight  or  force ;  let  y  equal  the  distance  through 
which  the  pressure  required  to  raise  it  will  move  in  the  same  lime 
that  w  will  move  through  x,  wf  being  equal  to  the  pressure,  thea 
the  amount  of  work  to  be  executed  will  be 


the  work  done  I 


3  motive  power  will  be 


These  two  quantities  must  be  equal,  or  rather,  to  produce  mo- 
tion, one  must  preponderate  by  an  infinitely  small  quantity,  other- 
wiae  the  apparatus  will  remain  in  equilibrio  ;  the  balancing  forces 
may  be  found  from  the  following  equations : 


y  =  x- 

These  equations  will  of  course  apply  to  simple  or  complicate 
machines,  where  an  uniform  resistance  is  overcome  by  an  uniform 
force,  X  being  the  distance  through  which  the  point  of  resistance 
moves  in  a  given  time,  and  y  the  distance  through  which  the  point 
of  application  of  the  power  moves  in  the  same  time. 

The  pulley  and  axle  are  evidently  identical  in  their  action  witli 
the  two  arms  of  a  lever.  The  screw  and  inclined  plane  act  differ- 
ently, hut  the  law  given  above  will  of  course  be  appUcable,  the 
distances  moved  through  being  very  easily  found ;  thus,  when  a 
single  threaded  screw  revolves  once,  any  body  whichi  s  being  raised 
by  it  passes  through  a  distance  equal  to  that  between  two  threada 
of  the  screw  measured  from  centre  to  centre. 

We  may  iiow  instance  another  means  of  concentrating  power, 
viz.,  by  hydraulic  pressure.     Let  n  and  b,  Fig.  26,  represent  two 
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cylintlers,  each  accurately  fitted  witli  a  piston,  as  sIiowh,  tlie  lower 
]iarts  of  the  cylinders  being  filleJ  with  water,  and  communicating 
witL  each  other  by  means  of  a  pipe.     Let  the  diameter  of  a  be 


i 


twice  that  of  b,  tlien,  because  the  areas  of  circles  vary  as  the 
squares  of  tlieir  diameters,  the  area  oi'  the  cyliuder  a,  or  of  the 
piston  contained  by  it,  will  be  four  times  that  of  b.  K  we  cause 
the  piston  in  6  to  descend  through  a  distance  of,  say  2  inches,  a 
layer  of  yater  two  inches  thick  will  be  displaced  from  the  cylin- 
der b,  and  forced  into  the  cyliuder  a,  where,  however,  it  will  spread 
out  so  83  to  cover  four  times  the  area  which  it  did  when  in  ft;  " 
hence,  the  stratum,  or  layer,  will  have  only  one  quarter  of  the 
and  the  jiiston  in  a  will  rise  through  one  quarter  the 
that  the  piston  in  fi  is  moved  through ;  hence,  a  weight 
00  the  piston  in  b  will  balance  a  weight  four  times  as  great  placed 
on  the  piston  in  a.  This  may  be  shown  also  by  the  following 
method  of  reasoning.  If  a  pressure  of  x  lbs,  per  square  inch  be 
imparted  to  the  water  contained  in  the  two  cylinders,  the  water 
will  react  in  every  direction,  vertically,  horizontally,  and  obliquely, 
with  a  force  equal  to  1  lb.  per  square  inch;  but  the  area  of 
the  large  piston  is  four  times  that  of  the  small,  or  contains  four 
times  as  many  square  inches,  therefore,  as  the  total  pressure  on 
each  piston  is  equal  to  the  pressure  per  square  inch,  multiplied  by 
the  number  of  square  inches  of  surCice  of  the  piston,  the  water 
will  exercise  four  times  the  pressure  on  the  large  piston  that  it 
does  on  the  small,  or,  1  lb.  on  the  small  piston  wilt  balance  i  lbs. 
on  the  large  piston. 

Tliis  principle  is  taken  advantage  of  in  the  liyi-lrostatic  presa. 
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where  a  Urge  force  is  exerted  by  meaua  of  a  Urge  piston  working 
in  u  cylinder,  into  which  water  is  forced  by  a  pump  of  small  di- 
ameter ;  the  concentration  of  power  obtained  by  these  machines 
may  be  found  by  the  following  equations.  Let  /  equnl  the  forcft 
applied  on  the  pump  piston,  d  eqiml  the  diameter  of  the  pump 
piston,  and  d'  equal  the  diameter  of  the  ram,  or  piston  through 
which  the  force  is  to  be  applied,  p  equal  ]>ressure  exerted  by  the 
ram,  then 


/  =  F 


'5_ 

I 
P 


-,A 


If  the  pump  be  worked  by  a  brake,  or  lever,  the  force  upon  tlie 
pump-plunger  in  relation  to  that  exerted  upon  the  end  of  the  lever  * 
must  first  be  calculated. 

There  is  auother  method  of  employing  water-pressure  by  means 
of  an  apparatus  which  is  termed  a  pneumatic  lift ;  a  section  of  it 
is  shown  in  Fig.  27.  This  apparatus  consists  of  a  cylinder,  closed 
at  the  upper  end  but  open  at  the  lower,  working  in  a  well,  as 
shown.  There  is  a  valve  in  the  cover,  the  use  of  which  we  flball 
presently  indicate.  There  is  an  air-pipe  connected  with  an  air- 
pump,  shown  at  a  a :  when  air  is  forced  through  this  pipe  it  dis- 
places the  water  from  the  upper  part  of  the  cylinder,  momentarily 
causing  the  water  on  the  exterior  of  the  cylinder  to  stand  at  a 
higher  level  than  that  on  the  interior,  but  being  at  a  higher  level, 
it  will  exert  a  greater  pressure  on  the  bottom  of  the  well,  which 
excess  of  pressure  being  transmitted  upwards  within  the  cylinder, 
will  be  passed  through  the  air  at  the  top  of  the  cylinder,  causing 
an  upward  pressure  on  the  end  of  the  same,  whereby  it  will  bo 
raised  to  any  desired  height.  Thus  tlie  cylinder  is  raised  by  a  , 
column  of  water,  corresponding  to  the  depth  displaced  within  thtta 
cylinder,  the  weight  of  such  column  being  proportional  to  1 
pressure  of  the  air  by  which  it  is  displaced ;  the  lifting  power  o 
thia  arrangement  may  be  thus  calculated : — 
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IjCt  p  equal  the  pressure  at  wLith  the  air  is  forced  into  the 


cylinder  in  lbs.  per  square  inch,  and  U  the  diameter  of  the  cylin- 
der, then  the  lifting  force  will  lie 

=  •7iioi.p.d' 
The  concentration  of  power  obtained  by  this  machine  may  be 
calculated  by  the  formula  given  for  the  hydrostatic  press,  the  only 
difference  being  that  in  the  latter  water  is  the  medimn  through 
which  the  pressure  is  transmitted,  whereas  in  the  pneumatic  lift 
the  pressure  is  transmitted  through  air. 

When  it  is  required  to  lower  the  lift,  after  it  has  been  raised  to 
any  required  height,  it  is  only  necessary  to  open  the  valve  men 
6 
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tioned  above,  when  the  air  will  escape,  and  the  lift  will  sink  by 
its  own  weight. 

It  is  evident  that  the  same  principle  might  be  applied  with  any 
medium  through  which  the  pressure  may  be  transmitted. 

We  must  now  proceed  to  speak  of  the  action  of  those  tools 
which  produce  impact  or  blows,  such  33  the  hammer,  the  hatchet, 
&c. ;  in  this  case  the  force  applied  is  equivalent  to  the  work  ac- 
cumulated in  the  tool  producing  the  impact,  such  work  being  equal 
to  the  weight  multiplied  by  the  distance  through  which  it  passes. 
It  is  desirable  here  to  offer  a  few  remarks  upon  accumulated  work. 
If  a  body  whose  weight  is  w,  falls  through  a  distance  equal  to  h, 
the  work  done  will  be 

=  wh] 

and  the  velocity  which  the  body  will  have  attained  after  falling 
through  this  distance,  being  equal  to  v,  we  shall  have 

V  varies  as  \/  A. 

The  reasoning  from  which  this  proportion  is  obtained  being  as 
follows : — 

Let  t  equal  the  time  of  fall  in  seconds,  g  equal  32  J  ft.,  the  ve- 
locity which  a  body  will  have  acquired  after  falling  the  second. 
If  a  body  falls  freely  through  space,  the  attraction  of  gra\dtatiou 
will  constantly  act  upon  it,  adding  a  velocity  equal  to  ^  every 
second,  therefore  the  velocity  of  the  body  will  vary  as  the  time  of 
falling,  or 

V  varies  as  L 

Let  us  now  examine  the  relation  between  the  time  and  distance 
fallen  through.  It  is  evident  that  in  the  first  second,  the  body 
having  started  with  no  velocity,  and  attained  at  the  end  of  the 
second  a  velocity  equal  32-1695  ft.,  the  mean  velocity  will  be 
16-0837  ft.  per  second,  and  through  this  space  the  body  will  fall 
in  the  first  second,  at  the  end  of  which  time  it  will  have  acquired 
a  velocity  sufficient  to  carry  it  through  32-1695  ft.  in  the  next 
second ;  but  during  that  time  the  force  of  gra\4ty  continuing  to 
act  on  it,  it  will  receive  the  same  increment  of  velocity  as  in  the 
first  second,  and  the  total  space  passed  through  will  be  48*25  ft. 
Following  this  reasoning  farther,  we  arrive  at  results  embodied  in 
the  following  formulje : — 
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A  =  J  ^<»  =  J  <t,  =  ,- 


V  = 

gt 

~  t 

— 

V*gh 

V 

_2h 

^*h 

t  = 

1 

9 

t; 

~ 

w  w 

If 

V 

t>« 

•A 

9 

—— 

i~ 

*h 
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By  substituting  other  values  for  g,  these  equations  will  hold  good 
for  other  forces.  K  a  body  having  the  weight  w  fells  through  a 
height  h,  then  will  the  work  done 

=  why 

as  stated  above,  which  by  transformation  becomes. 

gf        wg  v^        ^  w 
*    f        ^   9 


iut  -  is  called  the  mass  of  the  body,  for  as  the  mass  multiplied 

^J  the  attraction  of  gravitation  is  the  weight,  we  have  called  m 
tile  mass. 

m.g^=w 

w 

.*.  m  = — 

9 

kence  substituting  in  the  above  equation,  we  have 

wh  =  — p 

This  then  represents  the  amount  of  work  done  by  any  given 

^^ody  in  falling  through  a  given  space,  and  if  it  is  unopposed  in  . 

^^  passage,  this  work  will  constantly  accumulate,  being  at  any  in- 

**Jttit  eq\ial  to  the  mass  of  the  body  multiplied  by  half  the  square 

^f  the  velocity,  and  this  is  called  accumulated  work.     K  the  body 

^eet  wifh  any  resistance,  the  work  accumulated  will  be  expended 

^  overcoming  that  resistance,  or  in  partially  overcoming  it,  the 

Moving  body  being,  in  the  latter  case,  in  a  state  of  rest. 

It  is  work  of  this  kind,  viz.,  accumulated  work,  which  is  ex- 
pended when  a  blow  is  struck  by  a  hammer,  and  it  matters  not 
^liether  the  hammer  falls  by  its  own  weight,  or  is  impelled  by  any 
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other  force,  the  amount  of  accumulated  work  may  be  found  wheo- 
ever  the  ultimate  velocity  is  found. 

Let  lis  work  out  an  example  by  the  above  formula :  let  a  body 
weighing  64-339  Iba.  be  falling  with  a  velocity  of  20  feet  per 
Becond,  it  is  required  to  find  the  accumulated  work  at  this  velocity. 
The  masB  of  the  body  will  be, 

w  _   G4'339_  _ 
<j   ~   321095   ~     ' 
hence  the  amount  of  work  acoumulatud  in  the  body  will  be 

—^-     r=  400  ft;..lbs. 

We  will  also  calculate  by  the  height  wliioh  a  body  must  IkD 
through  to  acquire  the  velocity.    It  will  bo 

^  ^  •    y  6F339 

4fld  the  accumulated  work  will  be 

=  u>h=  ^g-gg  64'339  =  400  ft.-lb3. 

We  will  now  pass  on  to  consider  the  phenomena  attendant  upon 
rotatory  motion.     Let  U3  suppose  a  body  to 
Fia.  B9.  ij^  ^^j.  jj^  motion  in  the  direction  a  S,  Fig.  28 ; 

it  is  evident  that  in  the  absence  of  any  other 
force,  the  body  will  move  in  the  same  direc- 
tion continually ;  but  it  ia  possible  to  pro- 
duce a  curved  motion  by  causing  another 
force  to  act  upon  the  body,  this  force  acting 
in  some  other  direction  than  a  b.  Let  the 
body  be  attached  to  one  end  of  a  string 
a  e,  then  will  it  be  compelled  to  describe  a 
circular  arc  about  the  point  e ;  let  us  sup- 
pose that  its  velocity  is  such  that  it  will  pass 
from  a  to  rf  in  one  second,  then  wc  may 
call  the  chord  a  d  the  velocity  of  tha  body,  as 
when  the  arc  is  small,  it  will  very  nearly  coin- 
cide with  its  chord.  By  referring  to  the  diagram,  it  is  e^-ident  that 
the  string,  by  virtue  of  its  tensile  resistance,  will  in  one  second  have 
drawn  the  body  through  the  distance  b  d. 

Let  us  now  find  the  value  uf  b  d;  it  is  equal  to  a  c,  a  t,  c  d,  being 
a  rectangle. 


...^. 1 

.^"H 

n 

•  / 

/  1 

!/    / 
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Produce  the  radius  ae  to  meet  the  circumfereuee .  of  the  circle 
in/,  and  join  /d,  then,  because  the  angle  ndf,  ia  inscribed  in  a 
eemicircle,  theret'ure  it  is  a  right  angle,  and  the  angle  daf'ia 
common  to  the  two  triangles  acd,  afd;  hence,  these  triiingles  are 
similar,  the  angle  acd  being  a  right  angle,  because  cd  \s  parallel 
to  a  i,  a  tangent  to  the  circle  at  the  point  where  it  is  met  ^yfa; 
therelbre : 

ac       ad 

ad       af 
bat  ad^v^  velocity  of  body  in  ft,  per  second,  and  a/=  2  =  di- 
ameter of  circle;  therefore 


"We  must  now,  from  this  expression,  find  the  value  of  the  cen- 
tiifiigal  force  by  proportion. 

The  weight  of  a  body  is  the  force  tending  to  impart  motion 
towards  the  centre  of  the  earth,  centrifugal  force  is  the  reaction 
of  a  body  compelled  to  gyrate  about  a  centre,  tending  to  force  it 
away  from  that  centre ;  the  measure  of  the  first  force,  that  of 

gravity,  is  J^;  the  measure  of  the  second  force  ia  — .     Let  crepre- 

9 
sent  centrifugal  force,  that  ia  to  say  the  tension  of  the  string  a  e, 
which  holds  in  the  gyrating  body  as  a  table  supports  a  body 
tending  to  fall,  the  string  resisting  the  weight  of  centrifugal  force, 
and  the  table  resisting  the  weight  of  gravitating  force ;  hence  the 
g  proportion  holds  good 

Jy    :    ^    ::    w>    :    c 


1 


rg 
From  this  equation,  the  centrifugal  force  may  in  any  case  be 
(obtained  when  the  body  revolves  in  a  circle,  or  in  any  other 
'  curve  if  its  radius  or  curvature,  at  the  instant  when  the  velocity 
\  is  given,  be  known.  Tlie  melliod  of  finding  the  radius  of  the 
I  circle  osculating  any  given  mathematical  curve,  will  be  found  in 
L  treKtises  devoted  to  that  subject,  and  as  the  case  seldom  applies  to 
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the  macliinery  we  sTiall  liereafter  consider,  we  shall  not  fiirtJier 
dilate  upon  it. 

It  is  necessary  now  to  examine  the  principle  upon  which  iTie 
conical  pendulum  is  constructed.     Let  a  h,  Fig.  29,  repre.scnt  a 
Fig.  29.  wire  or  string  fixed  by  a  pin  at 

a,  and  carrying  a  heavy  ball  at 
b ;  let  this  ball  b  be  revolving  in 
an  orbit,  such  as  that  shown  by 
the  dotted  circle  b  c.  From  o 
let  fall  a  perpendicular  to  the 
horizon,  as  shown  at  a  r^  the 
perpendicular  passing  through 
the  centre  of  the  circle  h  c,  and 
forming  the  axis  of  the  imagin- 
ary cone  a  be,  described  by  the 
revolution  of  the  arm  a  b.  From 
the  centre  of  the  ball  b,  let  fall 
b  e  perpendicular  to  o  t^  com- 
plete the  parallelogram  a  e,  b  /,  we  shall  then  have  two  forces 
acting  on  the  ball  .6,  tending  to  move  it  about  a  as  the  centre. 
The  weight  being  tu,  it  will  produce  a  force  whose  moment  about  a 

=  wy.  eb. 
[n  the  other  direction,  we  have,  if  c  equals  the  centrifugal  force 
if  the  ball,  a  force  whose  moment  is 


Jf  the  ball  is  in  equilibrium  thoj 
therefore, 


two  forces  must  balance,  and 


Let  h^ea  the  height  of  the  point  of  suspension  above  the  plai 
of  gyration.     Let  r  ^  the  radius  of  gyration  e  6,  then  will 


but  V  =  3-1416  J-  X  2n 
where  n  =  the  number  of  revolutions  per  second ;  but  if  n  =  the 
number  of  revolutions  per  minute, 

,       1  31416-r  X  2m), 


60 


By  replacing 
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nearly.    This  formula  may  also  be  written  by  an  obvious  trans- 
formation 


and  from  this  we  derive 


=i^r 


187-T 


Another  class  of  rotatory  motion  with  which  we  shall  subse- 
quently meet,  consists  in  the  movement  of  a  fly-wheel  employed 
to  prevent  any  great  variation  of  velocity,  which  might  occur  bv 
reason  of  the  varying  force  exerted  upon  the  shaft  of  the  machine 
to  which  it  is  applied.  The  theory  of  the  fly-wheel  is  somewhat 
complicated,  and  therefore  unfit  for  insertion  in  the  present  treatise. 
In  many  instances  rules  have  been  given  of  a  simple  character,  but 
incorrect,  and  therefore  useless. 

We  will  now  conclude  this  account  of  statics  and  dynamics, 
which  will  be  found  sufficient  for  our  subsequent  requirements. 


ON  THE   GESEHAL  AREANGEMENT  OF   THE  STEAM- ENGINE. 


,  Let  lis  now  examine  the  means  necessary  to"  be  taken  in  order 
10  convert  the  heat  contained  by  the  steam,  with  which  the  steam- 
engine  ia  supplied,  into  dynamic  force,  in  a  form  suitable  to  our 
requirements. 

There  are  three  kinds  of  engines,  which  must  be  considere»i 
separately :  in  the  first  class  the  piston  admits  only  of  rectilineal 
motion ;  while  in  the  second  class  the  piston  revolves,  either  con- 
iiauously  or  with  a  reciprocating  motion,  about  an  axis  or  centre; 
and  in  the  third  class  the  piston  moves  in  such  a  manner  that  its 
periphery  describes  a  zone  of  a  sphere.  In  engines  of  the  first 
class  the  piston  is  impelled  alternately  in  each  direction  by  the 
difference  between  the  pressures  existing  on  the  opposite  sides  of 
the  same ;  thus  in  a  condensing  engine,  if  p  represent  the  pressure 
of  steam,  and  P  the  vacuum,  both  being  stated  in  pounds  per 
square  inch,  then,  taking  14'7  lbs.  per  square  inch  as  the  mean 
pressure  of  the  atmosphere,  we  shall  have  for  the  effijctive  force 
/per  square  inch  on  the  steam-side  of  the  piston — 
f  =  p  +  U-7—  J  li-7— P) 
=  P  +  l^.  \  \ 

Let,  for  example,  p  =  20  lbs.  per  square  inch,  and  P  =  11  Iba. 
per  square  inch,  then  will  the  effective  pressure  per  square  inch  be, 
/=:  20  +  11  ^  31  lbs.  per  square  inch. 

In  a  non -condensing  engine  the  vacuum  becomes  nothing,  hence 
in  that  case  the  steam-pressure  is  the  effective  pressure.  Tbo 
power  of  any  engine  is  very  easily  calculated, — it  is  represented 
by  the  amount  of  work  done  in  a  given  time,  and  is  usually 
referred  to  the  power  of  a  horse,  which  was  determined  by  Watt 
to  be 

=  33,000  ft. -lbs.  per  minute. 
Hence  the  power  of  any  given  engine  will  be  as  follows :  Let  p  = 


I 
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efective  pressure  of  steam,  a  =  area  of  piston  in  incbes,  d  ^ 
diameter  of  piston,  v  =  space  passed  througli  by  piston  in  feet, 
(  =  time  occupied  by  the  piston  in  passing  tlirough  the  space  v  in 
minutes ;  S  P  =  equal  horae-power,  I  =  lengtii  of  crank,  n  ^ 
number  of  revolutions  performed  while  the  piston  passes  through 
the  space  V ;  then 

BP=p.a.v 
33000 . I 


=  0-7854ip 
=  4.n,! 


-p.OrSrAd'.i.t 
33000  I 


=  p.d'.,,.l 

loBoTr'""''^- 

Let  it  be  required  to  calculate  the  power  of  an  engine  having  one 
cyliDder  20  inches  in  diameter,  with  a  crank  1  foot  6  inches  in 
length,  or  I'o  feet ;  let  the  effective  pressure  be  25  lbs.  per  square 
inch,  and  the  number  of  revolutions  of  the  crank  thirty-five  in 
,«iie  minute,  then 

25  X  400  X  35  X  lo  _ 
10504  X 


'=49-9 


Baj  50  horse-power. 

There  are  two  methods  of  calculating  the  horse-power  for  con- 
densing engines,  the  results  being  called  the  indicated  horse-power 
and  the  nominal  horse-power.  To  calculate  the  latter,  it  will  be 
necessary  to  proceed  as  follows ; — 

Take  for  the  effective  pressure  7  lbs.  per  square  inch,  and  for 
the  speed  220  ft.  per  minute ;  let  the  area  of  the  piston  be  1000 
in.,  then,  by  the  first  rule, 

7  X  1000  X  220 


SP  = 


mam  -. 


-  46-66. 


For  the  actual  or  indicated  power,  we  must  follow  a  different 
course,  taking  for  effective  pressure  the  meau  effective  pressure ; 
to  find  which  it  is  necessary  to  take  a  diagram  from  the  engine, 
-vfaich  is  done  thus : — A  piston  is  accurately  fitted  to  a  small  cylin- 
screwed  in  the  top  or  bottom  of  the  main  cylinder;  the  piston 
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is  retained  at  mid-stroke  by  a  spiral  spring,  and  wlien  pressure 
occurs  in  excess  beneath  the  piston,  the  latter  riaes,  and  vice  versd; 
to  the  piston-rod  is  attached  a  pencil,  which,  as  the  little  piston 
riaes  and  falls,  describes  a  line  straight  or  curved,  on  a  piece  of 
paper,  which  moves  backward  and  forward  with  the  piston  in  the 
main  steam- cylinder. 

From  the  figure  produced  by  the  indi- 
Fig.  30.  cator   the  pressure  of  the  steam  in  the 

cylinder  at  any  point  in  the  stroke  may 
be  found ;  the  mean  pressure  may  be  taken 
with  sufficient  accuracy  for  practical  pur- 
poses as  follows :  Draw  a  number  of  ordi- 
nates  aa,  hh,  &c.,  upon  the  indicator  caid^  . 
measure  the  ordinatea  on  the  scale  of  ] 
pressures,  and  divide  the  sum  of  the  pres- 
sures so  found  by  the  number  of  ordinat«s 
taken. 

A  rule,  very  frequently  used  for  con- 
densing marine  engines,  is  constructed  on 
the  assumption  of  7  lbs.  pressure  of  steam 
per   square   inch,  with   a  speed   of  200 
;  the  formula  for  nominal  horse-power  will  then 


SP  = 


7x0-785^x200. 


33000/  33' 

=  d^  nearly. 

"so" 


The  former  formula  would  be  : 
HP  = 


24 


It  will  immediately  bt  seen  that  rules  for  nominal  horse-powoT 
are  little  better  than  empirical,  being  merely  useful  in  a  commer- 
cial sense,  and  rather  as  a.  standard  of  value  than  power. 

The  following  formulie  will  be  found  sufficiently  accurate  for 
practical  purposes,  and  useful  to  those  who  are  engaged  in  design- 
ing steam-engines : — 
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Tf  p p,n,l.  d^ 

10500'" 

10500  ffP 
JP  = 


n  = 


1  = 


10500 ITP 

p.  Id' 
10500  ffP 


p.  n.  d' 

d=^10o00ffP 
p.n,  I 

We  will  next  speak  of  the  power  of  those  engines  which  are 
fitted  with  pistons  revolving  about  an  axis  or  centre,  first  taking 
the  case  of  a  piston  revolving  continuously  in  one  direction,  the 
piston  being  rectangular.  Let  r  =  the  distance  in  inches  from 
the  centre  of  revolution  to  the  nearest  edge  of  the  piston,  r'  =  the 
distance  from  the  centre  to  the  farthest  edge  of  the  same,  b  = 
breadth  of  piston  in  inches,  p  =  efiFective  pressure  of  steam,  n  =s 
number  of  revolutions  per  minute.    Then — 

(  f  12  2  33000 

because  b  |   /-r   >  =  area  of  piston  in  inches, 

and  3'1416  <  r+r^  V  =  mean  space  passed  through  by  the 
sv piston  in  one  revolution. 

-    By  reduction : — 

HP=  n.p       (^2.^^1.6 
252100     I  ) 

If  the  piston  oscillates  through  a  portion  of  the  revolution,  the 
formula  must  be  modified  thus : — 

Let    -  represent  the  fraction  of  a  revolution  through  which  the 
in 

piston  oscilates,  then  the  formula  will  be,  n  being  equal  to  the 

number  of  oscillations  per  minute : — 

252,100  I  f  m 

Qin&f  if  the  piston  vibrates  in  a  semicircle— 


HP  = 


n.  /).  J 


504.200 


I  '^^"^  I 
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r".r' 


if  it  vibrates  in  a  quadrant  of  a  circle— 

1,008,400  \ 
We  now  have  to  consider  tlie  last  kind  of  engine  of  w'hici 
spoke,  viz.,  that  in  which  the  circumference  of  the  piston  describt 
a  zone  of  a  sphere;  this  ia  called  the  disc  engine.  The 
piston  is  placed  between  two  cones,  united  by  the  spherical  zoM 
describad  bj  the  periphery  of  the  piston,  which  in  its  motiot 
reminds  us  of  a  disc,  which  having  been  caused  to  spin  upon  itM 
edge  is  about  to  fall,  when  it  performs  gyrations  about  its  rim ; 
shall  in  the  present  place  insert  an  approximate  rule  whereby  ita 
power  may  be  calculated.  Let  r  =^  radius  of  the  disc  or  pisto^ 
r'  ^  radius  of  sphere  upon  which  as  a  centre  the  disc  gyrates,  ( = 
ihickness  of  the  edge  of  the  spherical  zone,  or  length  of  the  stea 
chamber,  all  in  inches,  then — ■ 

jip= 3-U16f».p (  ^,_^„  1 

2  X  3  X  12  X  33000  x  r  1  ) 

756,310r  (  f 

"We  have  now  considered  the  arrangement  of  the  s 
with  regard  to  power,  our  next  step  will  consist  in  examining  t 
means  of  applying  such  power. 

Let  us  commence  with  the  first  class  of  H 
steam-engines.     Here  we  have  the  work 
presented  in  the  form  of  a  pressure  acting 
in  a  straight  line,  alternately  in  opposite 
directions.     The    piston   is  urged   hacl^ 
warda  and  forwards  from  end  to  end  i 
the  cylinder  by  the  steam  pressure  actioj 
alternately  upon  each  side  of  it.     To  thiiy 
piston  is  attached  a  rod,  which  | 
out  at  an  air-tight  aperture  in  the  covei 
of  the  cylinder,  communicates  the  motio 
of  the  piston  from  within  the  cylinder  i 
the  external  machinery ;  this  arrangeinet 
is  shown  in  Fig.  31,  in  which  abcd  i 
the  steam -cylinder,  e  the  piston,  and  ej^ 
the  piston  rod     In  the  first  case,  let  the  point  of  application  of  tl 
power  be  required  to  move  in  a  straight  line,  then  the  pistoE-n 
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may  act  directly  upon  the  work,  or  it  may  operate  throtigli  the 
intervention  of  a  beam ;  but  if  this  latter  arrangement  is  employed, 
some  means  must  be  token  to  enable  the  hea^.l  of  the  piston  rod  to 
move  in  a  straiglit  line,  notwlthstan  ling  the  curvilinear  motion  of 
the  en  J  of  the  beam  or  lever,  for  if  this  were  neglected  the  piston 
rod  would  be  bent.  The  means  of  effecting  the  desired  end  are 
very  numerous,  but  we  shall  here  describe  only  those  which  have 
been  found  practically  useful. 

The  simplest  method  consists  of  so  forming  the  column  a  b, 
Fig.  32,  which  supports  the  boarings  upon  which  the  main  beam 


i,  oBcillate.9,  that  it  may  vibrate  upon  an  axis  placed  at  6,  iho 
lower  extremity,  whereby  that  end  of  the  beam  to  wliich  the 
piston  rod  is  attached,  is  enabled  to  adjust  itself.  The  extremity 
of  the  beam  is  caused  to  move  in  a  line  very  nearly  straight  by 
means  of  the  lint,  c  d,  which  is  attached  to  the  beam  at  e  by  a 
centre,  and  to  a  part  of  the  framing  at  d,  in  the  same  vertical 
pl&ne  with  the  piston  rod.  The  manner  in  which  this  contrivance 
effects  the  desired  end  is  auffieiently  simple,  as  may  be  shown  by 
the  diagram,  Fig.  33.  Let  the  full  lines  represent  the  bars,  con- 
stituting the  parallel  motion,  as  it  is  called,  at  mid-stroke,  when  they 
■will  be  parallel  to  each  other ;  then  the  dotted  lines  will  represent 
their  position  after  the  stroke  has  been  continued  through  a  short 
distance,  during  which  the  deviation  of  the  piston-rod  head 
from   a  rectilineal  movement,  would  be  equal  to  the  veraine  of 
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Fig,  33. 


the  angle  piisseJ  through  by  the  b;ir  a  I,  multiplied  by  the  length 
of  the  bar,  had  the  centre  b  been  fixed ;  as  it  is,  however,  the 
centre  b  ia  carried  at  the  extremity  of  the 
bar  b  c,  which  moves  upon  a  fixed  centra 
at  c,  and  the  deviation  of  the  point  b  from 
rectilineal  motion  being  in  a  contrary  direc- 
'  tiou  to  the  deviation  mentioned  above,  com- 
pensates for  it;  by  this  contrivance  it  is 
not  an  absolutely  straight  motion  that  ia 
obtained,  but  one  very  nearly  approximating 
to  it. 

Under  some  circumstances  it  would,  how- 
ever, be  unsatisfactory  to  uae  the  above 
movement,  which  ia  moat  frequently  applied 
to  half-beam  or  grasshopper  engines.  A« 
the  vibration  of  so  large  a  maaa  of  ths 
beam  and  the  pillar  supporting  it,  would  in  a  machine  of  con 
aiderable  dimenaiona  give  rise  to  serious  inconvenience,  an 
arrangement  shown.  Fig.  34,  ia,  under  these  circnmstaocea 
employed,  and  combines  within  itself  the  properties  of  two 
parallel  motions,  the  first,  which  ia  its  action  is  identical  to 
that  described  above,  corrects  the  deviation  of  the  top  of  the 
piston  rod;  it  is  fonncd  by  the  bars  ah,  he,  which  are  attached  by 
parallel  links  to  the  main  beam,  as  shown;  at  the  centre,  or  near 
it,  of  the  vertical  link,  h  d,  there  also  exists  a  point  whose  motion 
approximates   nearly  to  a  rectilineal  movement;   and  the  means 

Fig.  34. 


by  which  this  is  obtained  we  will  describe  by  the  assistance  of 
auother  diagram,  Fig.  35. 

a  6  ia  one-half  of  the  main  beam,  working  upon  a  fixed  centre 
at  i/  c  diss,  link  of  equal  length  working  upon  a  fixed  centre  at 
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d;  the  extremities  of  the  two  bars  are  connected  by  the  link  a  c, 
the  whole  being  so  adjusted  that  at  mid-stroke  the  angles  ab  c, 
tf  a  c,  are  right  angles ;  then  by  the  oscillation  of  the  arms  a  6 

Fig.  35. 


and  c  d  the  extremities  of  the  link  a  c  are  caused  to  deviate  in 
opposite  directions.  The  dotted  lines  show  the  paths  of  various 
points  in  the  link  a  c,  which,  it  will  be  observed,  approximate 
more  nearly  to  a  straight  line  as  we  approach  the  centre  of  the 
link. 

If  in  the  case  of  the  motion  last  described  the  arms  be  not  of 
equal  length,  then  it  is  evident  that  that  point  of  the  link,  a  e, 
which  moves  in  a  line  most  nearly  approximating  to  a  straight 
line  will  not  be  in  the  centre  of  the  link,  but  nearer  the  longest 
arm.    A  motion  with  unequal  arms  is  shown,  Fig.  36,  the  dotted 

Fig.  36. 


lines  representing  as  before  the  paths  of  various  points  in  the  con- 
necting Unk. 

In  marine  engines  an  arrangement  differing  in  form  must  be 
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employed  to  attain  the  same  end.     A  cominoTi  form  Is  shown  in 

Fig.  37 ;  a  13  the  head  of  the  piston  rod  to  wLiuh  a  croas-head  ia 

attached ;  from  this  cross-head  arms,  a  b,  run  down  to  the  beam 

Fig.  37. 


which  is  placed  beneath,  and  arms,  a  c,  run  from  the  cross-liead 
to  a  short  arm,  capable  of  moving  upon  a  centre.  Upon  the  same 
centre  is  fixed  another  arm,  or  the  same  maj  in  some  cases  be 
used,  from  the  extremities  of  which  rods  pass  down  to  the  beams 
beneath.  The  length  of  the  short  arms  is  adjusted  in  right  pro- 
portion to  correct  the  deviation,  which  might  otherwise  be  caused 
by  the  angular  motion  of  the  beams.  Another  means  of  regulating 
the  motion  of  the  piston  rod  consists  in  attaching  to  its  upper 
extremity  a  cross-head,  carrying  blocks,  which  move  between 
guides  fixed  parallel  to  the  axis  of  the  piston  rod.  Other  kinda 
of  motions  are  also  occasionally  used,  hut  they  are  principally 
derived  from  the  foregoing,  wherefore  it  is  unnecessary  to  give  a 
complete  account  of  these  movements. 

If  it  be  necessary  that  the  rod  attached  to  the  other  extremity 
of  the  beain  should  move  rectilineally,  then  the  same  means  may 
be  employed  to  insure  rectilineal  motion  as  were  used  to  regulate 
the  motion  of  the  piston  rod. 

It  most  frequently  happens  that  the  motion  of  machinery  to  be 
drivenbysteam-power  is  rotatory,  when  it  will  be  necessary  to  adopt 


I 
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contrivance  for  converting  tLe  reoiprocatiug  rectilineal  motion 
of  the  piston  into  a  rotatory  motion.  In  order  to  efiect  this  end, 
Domeroua  arrangements  have  been  devised,  but  none  of  them 
anan'er  so  wel!  the  purpose  as  does  the  crank,  nor  ia  any  other  fomi 
piacticaily  applied;  we  shall  tlierefire  describe  only  the  meaua 
fiimished  by  lliis  contrivance,  which  deserves  a  very  careful  con 
sideratioD. 

Let  a,  Fig.  38,  represent  the  head  of  the  pislon  rod,  which  ia 


gaided  so  that  it  can  only  move  in  the  direction  of  the  straight 
line  a  b.  Let  6  c  he  a  crank  capable  of  revolving  about  the  point 
ft  aa  a  centre,  the  extremity  c  describing  the  dotted  circle.  The  ex- 
^tremity  of  the  pisUin  rod  is  connected  with  the  extremity  c  of  the 
•Drank  by  means  of  a  connecting  rod,  a  e,  the  points  of  junction,  a 
■  ■nd  e,  being  maile  by  pins,  about  which  the  connecting  rod  may 
rmoTO  without  restraint.  If  the  point  a  be  supposed  to  move  for- 
I  ward  in  the  direction  of  the  arrow,  the  extremity  c  of  the  crank 
I  .will  describe  an  arc  from  c  towards  d,  until  it  arrives  at  the  point  e, 
I  vhicb  ia  in  the  straight  line  with  ji  b.  Then  it  is  evident  that 
rwfaiohever  direction  the  point  a  tends  lo  move  in,  no  motion  can 
Ipoasibly  bo  produced  in  c,  as  the  force  would  act  exactly  at  right 
I  angles  to  the  direction  in  which  the  point  c  must  be  moved.  K  c 
jfitc  carried  past  this  point,  and  a  motion  the  reverse  of  the  former 
^be  imparted  to  a,  the  extremity  c  of  the  crank  will  pass  through 
l|be  Bcmi-circuniference  e  /  ^,  and  upon  arriving  at  the  point  g  we 
BiluiD  find  that  this,  like  the  point  e,  is  a  point  of  no  motion.  The 
nneuis  employed  in  practice  to  carry  the  crank  past  these  points  of 
lap  tnotion,  technically  called  dead  points,  will  be  explained  here- 
ufter,  o)  r  attention  being  at  present  confined  to  the  action  of  thu 
BMiik  in  regard  to  the  alteration  suffered  by  the  force  in  its  trans. 
^■IBnon  through  the  same. 
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To  illustrate  the  action  of  the  crank  another  diagram  willl 

Berviceable.     It  is  shown  at  figure  39 :  a  13  the  head  of  the  piston 

rod,  h  the  centre  upon  which  the  crank  revolves,  and  c  d  the  deai 

pouits ;  o  ci  is  the  connecting  rod ;  the  position  is  shown  by  the  MI 

Fig.  39. 


lines  -when  the  crank  ia  upon  the  dead  point  d.  The  ootted  oire^* 
which  represents  the  path  of  the  extremity  d  of  the  crank  60'* 
divided  into  eighteen  parts  in  order  that  the  variation  of  the  foro« 
transmitted  to  the  shaft,  upon  which  the  crank  ia  fixed,  at  diffeient 
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parts  of  the  strobe,  may  be  examined.  It  will  be  sufficieut  for  the 
present  purpose  to  investigate  the  case  for  the  points  tfg  h  in  the 
first  quadrant  of  the  circle ;  but  it  is  desirable  to  include  an  extra 
point,  n  h,  showing  the  position  of  the  crank  when  at  right  angles 
V-i  the  straight  line  a  c.  In  order  to  ciamprehend  the  variations 
undergone  by  the  motive  force  applied  at  the  point  t,  the  case 
^pnst  be  treated  by  the  well  known  principle  of  the  parallelograni 
^■forces. 

m^  The  length  of  the  connecting  rod  being  constant,  we  can  find 

the  position  of  the  head  of  the  piston  rod  corresponding  to  each 

of  the  points  e  f  g,  &o.,  by  marking  off  from  those  points  upon 

'&ie  line  a  c,  distances  eo  f  p.  &c,  each  equal  to  the  length  of  the 

lipiuiecting  rod. 

H  The  first  step  will  consist  in  the  resolution  of  the  strain  in  the 
^Erection  of  the  connecting  rod,  and  in  the  other  direction  in 
■which  it  acts,  of  which,  however,  no  mention  has  yet  been  made. 
The  directions  in  which  the  force  will  be  resolved  are  evidently  the 
a-xis  of  the  piston  rod,  and  at  right  angles  to  the  same,  the  latter 
producing  pressure  upon  the  guide-blocks  and  guides.  Hence  it 
inay  ho  concluded  that  in  the  case  of  any  position,  such,  for  in- 
stance, as  that  corresponding  with  the  point  g,  the  relative  values 
of  the  forces  will  be  represented  by  the  sides  of  a  right  angle 
triangle,  consisting  of  the  length  and  position  of  the  connecting 
»Txl  g  q,  the  perpendicular  let  fall  from,  the  point  g  upon  a  c,  this 
Jjcrpendicular  being  in  the  present  case  g  I,  and  that  part  of  the 
line  a  c  which  is  contained  between  the  extremity  of  the  connect 
^■jg  rod  and  the  perpendicular  mentioned  above,  in  the  present 

^E  Let  P  represent  the  total  pressure  on  the  piston,  and  therefore 
tlie  total  pressure  acting  in  the  direction  a  c ;  then  the  forces  acting 
in  the  various  directions  will  be  as  follows.  The  pressure  on  the 
ide-b locks  will  be 

t  OD  tbe  connecting  rod  will  be 


=  P 


'1 


It  f  9  b  coi^st-int ;  call  it  =  L,  then  tbe  force  upon  the  conned 


id  the  moment  of  the  last  force,  about  the  centre  6 
ne  li  le  3  g,  and  from  the  point  b  let  fall  upon  it  the  per- 
Fig.  40. 


pendivilor  h  t,  then  uriU  b  t  represent  tlte  distance  at  wMoh  the 
force  act^  aod  the  moment  about  h  will  be 
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In  a  sunilar  manner  the  moment  of  power  may  be  found  for  tbe 
other  points.  The  lower  quadrant  immediately  beneath  b  nd  will 
exhibit  the  same  phases,  the  remaining  quadrants  being  differenl 
Having  found  a  means  of  calculating  the  moment  of  pressure,  it 
Fig.  «0  (a). 


may  be  interesting  to  draw  the  curve  through  which  the  point  i 
passea 

Let  a  h,  ¥ig.  40,  be  the  straight  line  in  which  the  head  of  the 
piston  rod  moves.     The  change  of  force  due  to  the  position  of  {he 
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urank  shall  first  be  determined,  the  force  on  the  connecting  p 
being  for  the  present  supposed  to  be  constant;  then  the  point  upon 
which  the  perpendicular  to  the  connecting-rod  falls  will  at  each 
iioint  of  intersection,  there  being  fourteen  inlersectioDa,  pass 
through  the  points  I  i  j  khm  and  e;  and  if  the  lengths  of  these 
perpendiculars  be  laid  off  radially  from  the  centre  c  along  the  axis 
of  the  crank  for  each  position,  we  shall  obtain  the  figure  t  f  g  d. 
The  force  on  the  connecting  rod  is  not,  however,  constant,  but 
varies  as  the  length  of  the  perpendicular,  divided  by  the  horizontal 
distance  between  the  extremities  of  the  connecting  rod.  It  is 
worthy  of  note  that  at  aymraetrical  divisions,  as  oo  ■pp,  the  posi- 
tions of  the  connecting  rod  are  parallel,  and  therefore  the  strain 
upon  the  connecting  rod  at  any  point  at  a  given  distance  from  the 
axis  of  one  side  of  a  line  at  right  angles  to  the  same  \&  ecjual  to 
the  strain  upon  it  for  a  corresponding  point  on  the  other  side  of  the 
said  line.  We  may  find  the  relative  value  of  the  moraent  actnally 
acting  upon  the  centre  e,  when  the  pressure  in  the  direction  o  6  ia 
constant,  for  any  position  of  the  crank,  by  multiplying  th  ■  lenith 
of  the  perpendicular  by  the  relative  pressure  on  the  connecting 
rod,  the  result  being  represented  geometrically  by  an  area  or  sur- 
face, which  may  be  either  a  rectangle  or  a  right-angled  triangle. 
At  Z  is  shown  an  enjarged  view  of  the  figure  e  f  g  d,  the  momenta 
being  repre^iented  by  rectangles.  It  is  evident  that  if  triangles  be 
taken  instead  of  rectangles,  the.se  triangles  being  placed  with  their 
apices  meeting  at  the  centre  e,  the  total  sum  for  every  pasition  of 
the  crank  in  the  semicircle  may  be  conceived  to  constitute  a  solid, 
bounded  by  three  surface.i,  of  which  two  are  plain  and  one  curved, 
aucb  a  solid  is  shown  at  Z' ;  then  if  any  section  of  this  solid  Ije 
taken  by  a  plane  passing  through  the  point  «,  the  plane  being  per- 
pendicular to  the  upper  surface,  we  shall  obtain  a  triangle  repre- 
senting the  relative  moment,  about  e,  when  the  crank  axis  lies  in 
that  plane.  It  may  be  desirable  to  notice  the  effect  of  lengthening 
or  shortening  the  connecting  rod.  If  a  longer  connecting  rod  be 
used  the  perpendiculars  for  all  positions  on  the  nearest  semicircle 
to  the  head  of  the  piston-rod  will  be  shortened,  and  those  on  the 
opposite  semicircle  will  be  lengthened,  the  result  of  which  will  be 
that  the  figure  e  f  g  d  will  more  nearly  approach  a  symmetrical 
form,  approaching  nearer  in  contour  to  the  dotted  circle  shown  as 
die  length  of  the  connecting  rod  increases.     Hence,  the  longer  tha 
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)nnectitig  rod,  the   more  uniformly  will  the  engine  work ;  and 

le  shorter  the  connecting  rod,  the  more  irregular  will  its  move- 

lents  be.    It  is  evident  that  the  figure  a  f  g  d  can  never  become 

S1g.41. 


wrfecdj  symmetrical,  as  in  that  case  the  connecting  rod  would  be 
equired  to  be  infinitely  long. 
Befure  taking  leave  of  the  crank,  it  is  desirable  to  m^iti<Hi  the 


IM 
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action  of  the  crank  under  tbe  oscillating  engine.  In  ttis  c 
cylinder  is  placed  upon  trunnions,  the  piston-rod  head  being  jointed 
10  the  crank,  tbe  lateral  movement  of  which  is  allowed  for  by  tbe 
vibration  of  the  cyUnder.  The  pressure  upon  the  crank,  coming 
always  direct  from  the  piston,  is  uniform,  hence  tbo  variations  of 
the  length  of  the  perpendiculars  only  need  be  considered.  In 
Fig.  41  we  show  curves  illustrating  this  variation.  Tbe  point  a 
is  tbe  axis  upon  which  tbe  cylinder  oscillates ;  6  e  is  the  curve 
described  by  the  point  upon  which  tbe  perpendiculars  fall  for  each 
position  of  tbe  crank,  and  e  /  d  g  exhibits  the  variation  of  tbe 
ultimate  moment  of  power  about  tbe  centre  e  for  one  stroke.  It 
is  evident  from  these  diagrams  that  the  action  of  tbe  oscillating 
engine  is  far  more  uniform  than  that  of  the  fixed  cyhnder  engine, 
as  tbe  solid,  illustrative  of  the  action  of  the  crank  in  the  fonner 
machine,  will  be  of  uniform  thickness  throughout 

When  a.  beam  engine  is  used  to  give  a  rotatory  motion,  the  con- 
necting rod  is  attached  to  one  end  of  the  beam. 

The  pumps  consist  of  cylinders,  fitted  with  plungers,  and  their 
action  will  hereafter  be  described. 

The  slides  by  which  the  steam  is  admitted  to  the  cylinder  have 
a  rectilineal  movement,  derived  from  tbe  motion  of  the  engine 
itself.  In  engines  having  rotatory  motion,  this  rectilineal  move- 
ment is  obtained  by  means  of  an  eccentric  wheel  fixed  upon  tbe 
main  shaft,  as  shown.  Fig.  42 ;  its  action  is  equivalent  to  that  of 

Fig.  42.  Fig.  43. 


the  crank,  and  in  fact  tbe  eccentric  might  be  replaced  by  a  crank, 
as  shown  by  the  dotted  lines. 

When  an  intermittent  motion  is  required,  a  contrivance  called 
a  uam  is  made  use  of,  which  cam  ie  of  the  form  shown  in  Fig.  43. 
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The  camber  a  raises  the  end  of  the  lever  at  every  revolution,  the 
end  falling  again  as  soon  as  the  camber  has  passed  it. 

With  regard  to  the  rotatory  engine  there  is  little  to  be  said,  as 
the  rotatory  motion  is  immediately  obtained.  In  the  disc  engine 
a  piston  rod  attached  to  the  centre  of  the  piston  describes  a  cone, 
and  its  extremity,  which  describes  a  circle,  is  fitted  to  a  crank. 
The  last  part  of  the  steam-engine  which  will  be  mentioned  here  is 
common  to  all  varieties  of  land  engines ;  it  is  the  fly-wheel,  which 
consists  of  a  heavy  wheel  placed  on  the  main  shaft,  to  carry  the 
crank  over  the  dead  points,  and  to  act  as  a  corrective  to  the 
variation  of  force  on  the  shaft;.  Its  action  is  this:  at  the  point 
of  maximum  speed  an  extra  quantity  of  work  is  accumulated  in 
the  fly-wheel,  which  is  expended  during  the  period  of  minimum 
force. 
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The  vessels  in  which  water  ia  evaporated  in  order  to  sapply 
steam  to  steam-engiEes,  are  technically  called  boilers,  and  their 
forma  are  very  varied.     The  first  point  to  be  considered  ia  the 
power  of  a  boiler :  that  ia  to  aay,  to  determine  the  quantity  a 
water  which  the  boiler  will  evaporate,  the  horse-power  being  c 
aidered  equivalent  to  the  evaporation  of  one  cubic  foot  of  wate 
per  hour.     The  quantity  of  fire  and  heating  surface  requisite  to 
evaporate  one  cubic  foot  of  water  per  hour,  has  at  various  times 
been  determined.     It  was  formerly  taken  at  one  square  foot  of  fiiB 
surface,  and  nine  horizontal  feet,  or  one  yard  horizontal  heatia 
Burface,  sometimes  also  called  water  surface ;  but  later  experimeol 
have  shown  that  this  ia  more  than  sufficient,  8-1  square  feet  p 
horse-power  being  all  that  is  required.     Vertical  aurlaco  ia  o 
flidered  only  half  aa  efficient  as  horizontal  surface. 

The  rule  for  the  nominal  horse-power  of  a  boiler  may  now  he 
given.  It  ia  exceedingly  simple.  Let  s  equal  the  whole  horizon- 
tal heating  surface,  plus  half  the  vertical  lieating  surface  in  squaro 
feet,  then  will  the  horse-power  of  the  boiler  be 

^^  =  ^ 

"When  we  have  cylindrical  surfaces  to  deal  with,  other  rules  n 
be  found  more  convenient.  If,  for  instance,  the  furnace  is  o 
tained  in  a  cylinder,  so  that  the  flame  and  hot  air  act  on  the  upp« 
half  of  the  tube,  then  the  horse-power  to  which  the  surface  thil 
afforded  ia  equivalent  may  be  found  from  the  formula 

5 
/  and  d  being  the  length  and  diameter  of  the  tube  in  feet. 
Many  boilers  are  now  made  in  which  the  heating  aurfhce  ia  f 


their 

a  ths^H 
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nislied  principally  bj  small  tubes,  suuli  boilers  being  known  as 
multitubulitr  boilers,  and  in  calculating  tlie  power  of  these  it  will 
be  inconvenient  to  take  the  diameter  of  tlie  tubes  in  feet,  in  con- 
sequence of  their  small  size.  Hence,  a  rule  must  be  found  for  the 
<liameter  in  inches.  In  tliis  case,  the  heated  air  acts  on  the  whole 
surface  of  each  tube ;  hence  if  n  be  the  number  of  tubes,  d  the 
diameter  in  inchea,  and  I  the  length  in  feet,  the  following  rule  will 
give  the  power: 

TWrf 

SO  — 
It  may  be  advisable  to  consider  the  effect  of  size  of  the  tubes, 
with  regard  to  heating  surface,  it  being  taken  for  granted  that  a 
certain  section  is  required  for  draught,  which  section  is  to  be  given 
by  a  number  of  tubes. 

Let  n  equal  the  number  of  tubes,  d  the  diameter  of  one  tube 
in  inches,  o  the  total  area  of  air  passage  in  square  inches ;  then 
the  quantities  may  be  found  from  the  following  equations,  I  being 
^tlie  length  of  tubes  in  feet: 
K  a  =  0-7854  d'n 

i 

^K  From  tliia  fbmiula  it  will  be  seen  that  tlie  area  varies  aa  the 
Hjiquare  of  the  horse-power,  and  inversely  as  the  number  of  tubes, 
and  the  square  of  the  length ;  therefore,  the  smaller  the  tubes  are 
made,  the  greater  wHU  be  the  heating  surface  in  proportion  to  the 
atea  of  the  air-pasaago,  and  more  heat  will  be  titkcn  up  from  the 
gases  in  their  passage ;  wherefore  we  may  conclude  that  it  is  de- 
sirable to  make  the  tubes  as  small  diameter  as  possible.  The 
following  formula  may,  io  addition  to  those  already  given,  be 
'mad  usefijl : — 

OSP 
<ln 

asp 

Id 
30  SP 


SP  = 


so 


JOtSP' 


1  = 


d=: 


In 
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alst\  if  a  given  area  of  section  be  req^uired 


Small  tubes  have  also  other  advantages  over  large  ones,  for 
they  may  be  made  of  thinner  metal,  beeause  the  strain  diminishea 
as  the  radius,  and  the  tubed  being  thinner  will  be  lighter,  and  will 
interfere  less  with  the  passage  of  the  beat  from  the  hot  air  to  the 
water  to  be  evaporated.  The  following  rule  will  give  the  thick- 
ness of  the  tubes:  Let  s  be  the  tensile  resistance  of  an  inch 
square  bar  of  the  material  in  pounds,  c  the  compressive  resistance 
of  the  same,  r  the  radius,  p  the  pressure  in  pounds  per  square  inch, 
( the  thickness,  in  inches,  of  the  metal;  then,  if  the  pressiirt 
outside  the  tubes,  and  the  tubes  are  short  and  rigid,  their  thieki 
should  be 


If  the  pressure  1: 


I  applied  on  the  inside,  the  thickness  will  lie 


The  first  formula  must  not  be  applied  to  tubes  which  are  I 
rigid,  and  which  will  therefore  yield  by  the  buckling  or  ( 
ling  of  the  material  of  which  they  are  made. 

Square  boilers,  such  as  those  generally  used  for  marine  purpoat 
are  strengthened  by  stays,  which  tie  the  flat  sides  and  prevc 
their  bulging  when  subjected  to  internal  pressure. 

Boilers  should  always  be  fitted  with  safety-valves  and  s 
gauges,  the  construction  of  which  will  presently  be  described. 


CHAPTER  XI. 


iHNART  COM3IDERATI0^^3  ON  THB   APPLICABILITY  OP   VABl- . 
DCS  KINDS   OF  STEAM-ENGINES  TO   VARIOUS   PURPOSES. 


The  first  step  to  be  taken  when  it  is  proposed  to  construct  a 

sam-engioe,  consists  in  determining  the  general  form  of  the  main 
features  of  the  engine,  without  regard  to  the  minor  details;  where- 
fore, it  is  proper  to  enter  upon  this  subject  before  following  up 
complete  descriptions  of  steam  machinery. 

This  chapter  will  be  devoted  to  a  comparison  of  the  different 
arrangements  already  mentioned,  regard  being  had  only  to  the 
main  features ;  such  as  cylinder,  connecting  rod,  beam,  crank,  kc,, 

applied  to  a  variety  of  purposes. 

Steam-enginea  will  be  first  divided  into  condensing  and  non- 

•odensing,  the  former  being  the  most  costly  in  construction,  and 
taking  up  a  great  deal  of  room,  but  making  full  amends  for  this 
in  the  economy  with  which  they  work.  The  lalter  kind  of 
.«Dgine  b  exceedingly  compact,  and  capable  of  working  at  very 

;h  speeds,  simple  in  construction,  and  cheap,  occupying  a  small 
but  very  far  inferior  to  the  condensing  engine  in  point  of 
economy  of  fuel. 

Engines  may  also  be  divided  into  three  classes:  stationary, 
marine,  and  locomotive.  In  the  stationary  class,  we  .have  sub- 
•livisions  according  to  form,  as  follows:  beam  engines,  vertical 
engines,  table  engines,  horizontal  engines,  inclined  engines,  oscil- 
lating engines,  pendulous  or  inverted  oscillating  engines,  grass- 

ipper  engines,  rotatory  engines,  and  disc  engines. 

Marine  engines  may  be  divided  into  the  following  classes :  first, 
;e  engines  and  screw  engines,  according  to  the  method  of 
■pulsion;    secondly,   according    to   the    form,   into   side-lever 

igincs,  upright  engines,  inclined  engines,  oscillating  engines, 
mtal  engines,  rotatory  engines,  disc  engines,  &c. 

Locomotive   engines   include   those  for   railway  purposes  and 


Id 
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those  wltlch  run  on  common  roai.la.  They  may  be  divided  r 
two  classea:  one  with  the  engines  above  the  boiler,  and  tha  other 
with  the  ungine  beneath  it.  They  are  invariably  high-pressure, 
as  it  ia  necessary  that  they  should  occupy  but  small  spuae,  and  bo 
aa,  light  as  poeaible. 

Let  it  bo  required  to  design  an  engine  for  manufacturing  pur- 
poses, then  it  will  he  necoaaary  to  consider  which  class  of  engine 
will  bo  most  suitable  to  the  purpose,  a  rotatory  motion  being  sup- 
posed to  be  required.  If  the  DL-ighborhood  in  whit;h  the  engine 
is  to  bo  erected  be  plentifully  supplied  with  water,  then  it  will  bo 
advisable  to  construct  an  engine  on  the  condensing  principle,  for 
the  sake  of  economy  of  working.  If,  however,  there  bo  not  room 
for  the  bulky  machinery  required,  then  a  high-pressure  engine 
must  be  employed.  The  beam-engine  will  be  found  to  work  veiy 
Bteadily,  and  is  perhaps  the  most  convenient  form  that  can  be 
adopted  when  a  high  velocity  is  not  required ;  but  if  the  speed 
must  be  considerable,  then  an  engine  of  lighter  parts  will  be 
preferable.  It  may  be  desirable  to  examine  the  action  of  recipro- 
cating masses  thus  employed. 

Examining  the  action  of  the  engine  during  one  stroke,  we  find 
that  we  have  the  piston,  piston  rod,  &a.,  in  a  state  of  rest  at  the 
commencement  of  the  stroke.  These  bodies  are  then  set  in  mo- 
tion, their  velocity  gradually  increasing,  but  before  the  next  stroke 
can  be  made,  the  work  accumulated  in  these  parts  must  be  ab- 
sorbed, and  the  manner  in  which  this  absorption  ia  eUbctcd  is  one 
of  vital  importance.  If  the  steam  be  simply  cut  off;  then  this  work 
accumulating  in  the  above-mentioped  masses  of  metal  will  evi- 
dently be  expended  upon  the  bearings  and  joints;  but  if  the 
method  usually  known  as  cushioning  be  adopted,  the  greater  part 
of  the  accumulated  work  will  be  economized.  By  cushioning  the 
piston  is  meant  the  introduction  of  tbo  steam  for  the  following 
stroke,  before  the  termination  of  the  previous  one;  then  the  greater 
portion  of  the  work  accumulated  will  be  expended  in  compressing 
the  steam,  and  so  soon  aa  the  crank  has  passed  the  centre,  or  dead 
point,  the  piston  will  change  the  direction  of  its  movement,  and 
the  compressed  steam  will  expand,  and  give  up  the  work  which  it 
had  absorbed;  hence  the  reciprocating  engine  may  by  careful 
management  be  caused  to  work  with  great  smoothness  and  r 
larity.     In  the  more  compact  class  of  steam-engines,  such  a 
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■engines,  horizontal,  inclined,  ami  vertical- engines,  a  leas  degree  of 
cusbioning  is  required  than  in  beam-engines:  because  in  the 
former  case  the  moving  masses  do  not  possess  so  much  inertia  aa 
do  those  of  the  latter  elaas  of  engines.  It  has  been  proposed  to 
nse  masses  of  metal  to  counterbalance  the  effects  of  the  recipro- 
cating parts  of  steam-engines,  being  of  equal  weight  with   the 

flatter,  and  always  moving  in  an  opposite  direction.   This,  however, 

MB  perfectly  superfluous  for  fixed  engines. 

w  With  regard  to  rotatory-engines,  it  may  be  desirable  to  offer  a 
few  remarks  in  this  place.  In  these  machines  there  are  no  re- 
ciprocating parts  having  sufficient  inertia  to  render  them  worthy 
of  serioua  consideration,  wherefore,  high  velocities  may  safely  be 
used.  There  is  also  the  advantage  on  their  side,  in  point  of  uni- 
formity of  movement,  as  the  moment  of  power  about  tlie  main 
shaft  remains  constant  for  any  position  of  the  same,  the  variations 
mtailed  by  the  crank  being  thus  avoided. 

It  is  a  great  mistake  to  imagine  that  any  saving  is  effected  by 
laving  an  exceedingly  heavy  fly-wheel,  to  render  less  evident  the 
Exbs  and  reactions  produced  by  the  reciprocation  of  the  machinery 
S  the  ordinary  engine ;  for  although  the  velocity  may  be  thereby 

^tendered  more  uniform,  yet  the  jerks  and  vibrations  will  still 
exist,  although  they  be  less  evident.  Hitherto  rotatory  engines 
have  not  been  attended  by  results  sufficiently  satisfactory  to  in- 
duce their  employment  by  the  generality  of  mechanical  engineers : 
this  being  due,  in  a  great  many  engines,  to  the  impossibility  of 
keeping  the  valves  and  packings  in  a  steam-tight  condition,  which 
defect  destroys  the  economy  of  the  machine,  a  large  quantity  of 
steam  being  lost  by  leakage,  the  difference  between  the  surfaces 
of  contact  of  the  moving  parts  of  the  two  classes  of  steam-engine 
being  as  follows :  In  the  reciprocating  engine  surfaces  of  contact 
of  any  desired  eiitent  may  be  obtained,  and  these  surfaces  may  be 
scraped  so  as  to  work  apon  each  other  almost  perfectly  ateam- 
t^ht ;  whereas  with  rotatory  engines  it  is  but  seldom  that  good 
steam-joints  can  be  obtained,  the  engineer  being,  in  the  greater 
Bomber  of  cases,  obliged  to  substitute  these  broad  surfaces  of  con- 
tact by  others  so  narrow,  that,  practically  speaking,  they  may  be 
regarded  as  simple  lines. 
From  these  remarks  it  may  be  concluded  that  for  the  purposes 
E  mentioned,  where  great  steadiness  is  required,  beam-engines 
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maj  be  used  with  advantage.  Next  to  tlieae,  willi  regard  to  uni 
formity  of  movement,  oscillating  engines  may  be  ranked,  more 
especially  when  constructed  with  the  cylinders  above  the  main 
shaft,  which  form  is  known  as  the  pendulous  engine ;  and  if  this 
be  made  with  a  proper  regard  to  the  principles  which  regulate  the 
motion  of  vibrating  masses  it  will  he  found  to  work  with  great 
smoothness. 

With  regard  to  marine  engines,  the  following  remarks  will 
embody  most  of  the  considerations  by  which  the  engineer  is 
directed  to  a  conclusion  as  to  the  class  of  machine  to  be  employed 
for  any  particular  vessel, 

Tlie  first  consideration  is  the  available  space,  which  is  generallj 
rather  m  defect  as  regards  height,  of  that  which  is  most  con- 
venient; hence  from  time  to  time  various  means  of  overcoming 
this  inconvenience  have  been  devised.  The  first  consisted  in  the 
employment  of  beams,  placed  beneath  the  cylinders,  with  connect- 
ing rods  attaching  their  extremities  to  the  piston  rod  and  to  the 
crank;  oscillating  engines  have,  however,  been  found,  on  the 
whole,  moat  convenient  for  paddle-wheel  engines. 

The  introduction  of  the  screw-propeller  has  given  rise  to  a  great 
variety  of  dsjsigna,  the  main  objects  being  to  shorten  the  screw 
shaft  OS  much  as  possible,  and  to  let  the  engines  act  upon  it  direct ; 
that  is  to  say,  without  the  use  of  tooth  wheels,  or  spur  gearing,  as 
it  is  generally  called. 

With  regard  to  locomotives,  there  is  but  little  to  he  said,  the 
circumstances  of  the  case  requiring  always  a  compact  design,  and 
admitting  only,  in  the  present  state  of  science,  of  the  use  of  hori 
zontal  or  inclined  engines,  with  fixed  cylinders.  These  cylinders 
are  sometimes  placed  within  the  framing  of  the  engine,  and  below 
the  boOer,  and  at  otlier  times  on  the  outside  of  the  framing. 

In  concluding  these  genera!  remarks,  it  is  thought  desirable  to 
direct  the  reader's  attention  to  the  accompanying  Plate,  No.  Xl^ 
illustrative  of  the  main  features  of  various  descriptions  of  engines ; 
the  letteriLg  is  the  same  on  all  the  figures  :^ — -a  ia  the  cylinder,  c 
the  piston  rod,  d  the  beam,  e  the  connecting  rod,  /  the  crank,  9 
the  main  shaft,  and  /*  the  eccentric,  by  which  the  valves  which 
admit  the  steam  to  the  main  cylinder  are  worked. 


CHAPTER  XU. 


ON  THE  DETAILS  OF  STKAU -ENGINES, 
Cylinders  and  Valves. 
Preliminart  theoretical  and  general  practical  conaJJerations 
baviDg  been  discussed,  the  next  step  to  be  taken  will  consist  in  an 
account,  principally  of  a  descriptive  character,  of  the  various  de- 
tails or  elementary  parts  of  steam-engines  as  tliey  exist,  without 
regard  to  the  purposes  to  which  they  are  applied ;  and  in  follow- 
ing out  this  course  care  will  be  taken  to  describe  fully  every  pecu- 
liaritj  of  form,  and  to  indicate  the  end  intended  to  be  gained  by 
such  peculiarity,  without,  however,  entering  into  any  considera- 
tions of  a  purely  theoretical  character. 

One  of  the  most  general  details  of  all  classes  of  steam-engines 
is  the  steam-cylinder,  which  will  therefore  first  require  attention. 
Cylinders  may  be  divided  into  two  classes 
fixed  and  oscillating. 

Fig.  44  represents  a  section  of  an  ordi- 
nary fixed  cylinder ;  that  is  to  say,  it  ex- 
hibits the  form  of  a  cylinder  which  nas 
been  eut  through  the  centre,  the  cut  parts 
being  exposed  to  view  in  plan  or  vertical 
^r/  section.  It  is  of  course  circular;  o  re- 
■  presents  the  Iwdy  of  the  cylinder,  6  and  c 
are  cover?,  of  which  however  the  descrip- 
tion will  be  postponed  for  the  present,  the 
body  or  central  part  of  the  cybnder  being 
first  considered.  It  is  necessary  to-  pro- 
vide means  for  the  entrance  and  exit  of 
steam  to  and  from  the  upper  and  lower 
parts  of  the  cylinder;  the  extremities  of 


the  passages  through  which  the  steam  passes  from  the  steam  chest 
to  the  interior  of  the  cylinder  are  shown  at  d  and  e,  /  indicating' 
the  entrance  to  the  pipe  through  which  the  steam,  liaving  done  lis 
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work,  makes  its  escape.  These  entrances  are  called  porta,  and 
will  subsequently  be  fully  described.  The  body  of  the  cylinder 
is  furnished  at  top  and  bottom  with  rims  called  flanges,  which 
serve  for  the  attachment  of  the  covers  by  means  of  bolts  and  nuts, 

^"^9  9  9  9- 

Fig.  45  represents  a  section  of  an  oscillating  cylinder,  taken  at 

right  angles  to  the  ports.     The  feature  which  distinguishes  this 

class  of  cylinder  from  the  foregoing,  consists  in  tlie  manner  of 


Fio.  45. 


supporting  it,  so  that  it  may  oscillate  with  case,  c  c  c  c  nre  the 
flanges,  the  covers  arc  not  shown,  a  and  h  are,  as  it  were,  short 
shafts,  cast  on  the  sides  of  the  cylinder,  and  diametrically  opposite 
to  each  other ;  they  are  accurately  turned,  and  are  supported  in 
bearings  which  fit  them  truly.  These  short  shafts  are  termed 
trunnions,  the  parts  wliich  rest  on  the  bearings  being  in  this,  as 
in  other  cases,  called  journald. 

It  is  evident  that  the  motion  of  the  cylinder  precludes  the  use 
of  the  metho<^l  of  attaching  the  steam-pipe  commonly  employed  in 
fixea  engines,  hence  some  peculiar  form  of  construction  must  be 
had  recourse  to ;  wherefore,  the  stf^am  is  conducted  through  the 
trunnions,  to  and  from  the  valve  chest.  The  means  of  making  a 
steam-tight  joint,  between  the  fixed  steam-pipe  and  the  moving 
trunnions,  will  be  explained  in  a  subsequent  page.  The  steam  is 
conducted  from  one  trunnion  to  the  steam-chcst  by  a  hollow  band 
passmg  round  the  cylinder,  and  in  a  similar  manner  from  the 
steam-chest  to  the  other  trunnion,  after  having  done  its  work  in 
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propellinj:  tlio  piston  ;  ils  passage  may  however  be  better  described 
by  ike  assistance  of  tbe  horizontxd  section  Kig,  46,  which  is  taken 
thnniyli  a  b,  the  sleaiii-baod  in  the  former  being  represented  by  the 
dotted  tines  d. 

In  the  horizontal  section.  Fig.  46,  the  shaded  parts  represent  the 
metal,  a  and  e  being  the  trunnions. 
The  steara  by  which  the  engine  ie 
to  be  impelled  enters  at  a,  and 
passes  theace  into  the  st^am-chest 
at  c,  after  which  it  is  admitted  by 
the  slide  valve  to  the  cylinder,  and 
having  done  its  work,  passes  into 
the  exhaust  port  d,  and  linally  out 
at  the  trunnion  e,  into  the  condeiiHer 
or  atmosphere,  as  the  case  may  be. 
The  Btcam-ports  attached  to  the  cylinder,  and  forming  part  of 

Fig.  47. 


^ 


y   J. 


tlie  same,  next  refimrc  description,  In  Fig.  47,  A  is  a  section  taken 
through  the  cylinder,  that  part,  however,  which  shows  the  ports 
only,  being  given;  B  im  front  elevation  of  the  porta,  and  (7  is  a 
Bcction  produced  by  a  plane  cutting  the  steam  passages  by  passing 
through  the  centres  of  the  vertical  parts  of  the  same,  parallel  to 
tlitf  port-faces.  The  lettering  is  the  same  in  each  case;  a  is  the 
interior  of  the  cylinder,  6  and  c  the  steam-ports  or  external  open- 
ings uf  the  ateam-passages,  which  are  made  narrow  in  order  thai 
dit-j  may  lie  suddenly  opened  and  closed  by  a  slight  movement  in 
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the  direction  S  cof  a  plate  resting  upon  the  port-facss;  /is  the  port 
into  which  the  exhaust  steam  passes,  whence  it  escapes  through 
the  exhaust  pipe  g.  The  means  by  which  tlie  entry  and  exit  of 
the  steam  are  regulated  will  be  described  in  a  subsequent  page, 
hence  no  further  comment  upon  the  port-faces  is  requisite,  except 
the  observation  that  the  steam-passages  may  be  shorter,  the  ports 
wider  apart,  and  the  port-faces  sometimes  made  in  two  separate 
part*}:  one  for  the  top  face,  and  the  other  for  the  bottom. 

Uaving  now  fully  described  the  form  of  the  steam-cylinder,  it 
IS  necessary  to  render  some  account  of  the  means  employed  in  its 
manufacture. 

The  first  step  towards  the  construction  of  the  cylinder  will  con- 
sist in  determining  its  dimensions,  and  in  order  to  obtain  reaulta 
of  a  satisfactory  character,  we  must  necessarily  employ  proportions 
which  may  be  demonstrated  to  be  the  most  economical.  With  re- 
gard to  the  diameter  of  the  cylinder  requiate  for  a  given  horse- 
power, that  will  be  found  in  the  following  formula. 
Let  h  ^  the  horse-power  required. 

n^the   number  of   revolutions   of   the   main   shaft   per 

minute. 
Z^  the  length  of  stroke 
p  ^  the  fjjial  eitijctive  pressure  per  square  inch  and  poanda 

upon  the  piston. 
d=the  diameter  of  cylinder  in  inches. 
Then. 

Inp 
which  formula  is  derived  from  the  considerations  given  in  a  pre 
vious  chaprer.  We  may  here  observe  that  p,  the  total  efteet  of 
pressure,  is  laiten  to  represent  the  mean  pressure  of  the  steam  for 
high-pressure  engines,  and  the  mean  pressure  of  steam  plus  the 
mean  pressure  of  vacuum  in  condensing  engines.  For  the  latter 
class,  there  is  a  rule  for  nominal  horse-power,  the  pressure  being 
laken  at  seven  pounds  per  square  inch,  and  the  speed  of  the  piston 
at  two  hundred  feet  per  minute.  Working  out  the  calculation 
upon  these  data,  the  following  formula  will  be  found  to  approach 
absolute  truth  very  nearly 

d  =  55  ^X 
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These  rulea  will  suffice  for  tlie  diameter  of  the  cylimler,  but  it 
yet  rem.'iins  for  the  engineer  to  determine  tlie  tbickness  tif  metal, 
Tlie  at.isolute  tliii^kaess  requisite  to  withstand  the  bursting- force  is 
much  less  than  can  be  applied  in  practice,  hence  the  ibrmulaa 
assumed  to  meet  this  requirement  only  are  of  little  practical  value; 
we  therefore  insert  one  of  a  somewhat  diflerent  character,  which 
satisfies  the  conditions  required  by  the  increasing  weight  of  the 
cylinder.  We  insert  the  formula  without  giving  the  steps  by 
which  it  was  obtained,  for  the  two  following  reasons ;  firstly,  space 
would  thereby  be  occupied  in  a  manner  which  is  undesirable  in  a 
work  intended  for  practical  reference ;  and  secondly,  they  are  of 
so  simple  a  character  that  little  difficulty  can  be  found  in  their 
oomprebensiou. 

Let  {  =  the  thickness  of  the  metal  In  eighths  of  an  inch,  then : 

P      It  is  a! 


+  -/d 


-'^A'-'m''] 


It  is  almost  needless  to  observe  that  in  this  formula  the  value 
of  p  must  be  taken  at  a  maximum.  It  may  be  desirable  here  to 
insert  an  example  illustrative  of  the  use  of  these  formulas. 

Let  a  cylinder  be  required  for   a   condensing   engine   whose 
Qomiaal  power  is  sixty  horses,  then  the  square  root  of  sixty  ia; 
7'75  nearly ; 
_    hence, 

H  d  =  5-5  s/li  =  5- J  +  7-75  =  426  inches 

^V  ^  Bay  43  inches. 

^V      For  the  thickness   of  metal,  supposing  p  =  Z^  lbs.,  will  he 
Hiftiaiid, 

The  thickness  will  therefore  in  practice  be  made  one  inch. 

It  freqaently  happens   that   the  cylinder  is  strengthened  by 


'-'m^^^ 


{     440 

=  6-55  X  1'416  =  0-947  eighths. 
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bnnds  passing  round  it,  but  cast  in  the  piece  witt  the  cylinder 
itself. 

The  nest  step  will  consist  in  drawing  sections,  plans,  and  eleva- 
tions of  the  cylinder  to  scale,  care  being  taken  to  delineate  accu- 
rately the  ports  and  steam  passages,  which  latter  it  will  be  found 
desirable  not  to  bring  quite  through  tho  metal ;  but  on  the  con- 
trary, it  will  be  preferable  to  leave  the  ends  closed  by  a  slight  film 
of  metal,  for  reasons  which  will  subsaqucntiy  be  mentioned.  The 
drawings  being  made,  the  pattern-maker  may  prepare  a  templats 
and  core-boxes ;  the  formtr  will  correspond  to  the  general  exterior 
profile  of  the  cylinder,  aud  the  latter  will  contain  cavities  similar 
to  those  which  form  the  steam  passages,  in  order  that  cores  of  a 
proper  form  to  exclufle  the  liquid  metal  from  those  passages  during 
the  process  of  casting  may  be  prepared.  The  mould  will  then  be 
made  in  loam,  and  the  cylinder  cast  acconling  to  a  method  similar 
to  that  described  for  the  production  of  a  melting-pot  in  the  chapter 
on  Moulding  and  Casting. 

Small  cyUnders  may,  however,  be  cast  by  the  ordinary  means, 
in  which  case  a  pattern  will  be  required,  such  pattern  represent- 
iug  the  general  external  form  of  the  cylinder,  but  with  this  excep- 
t|On,  that  wherever  an  aperture  is  to  be  formed  in  the  cylinder 
there  will  be  a  protruding  piece,  called  a  print,  on  the  pattern,  in 
order  to  form  rccjsses  wherein  the  extremities  of  the  cores  re- 
quisite to  produce  such  apertures  may  be  inserted,  in  order  t» 
afford  them  requisite  means  of  support.  These  cores  may  also  be 
further  supported  and  retained  in  position  by  means  of  broad- 
headed  nails,  driven  into  the  sand.  The  casting  is  subsequently 
conducted  in  the  usual  manner.  When  the  easting  is  cool,  it  is 
carefully  examined,  and  if  defective,  it  is  put  aside  to  be  remelted, 
being  known  as  a  waster;  but  if  perfect,  it  is  first  treated  with  a 
piece  of  hard  oven  coke,  with  which  it  is  well  scoured,  in  order  to 
remt/ve  the  greater  portion  of  the  hard  silicious  coating  with  which 
it  has  b,!come  covered,  on  account  of  the  heat  of  the  molten  iron 
vitrifying  a  portion  of  the  sand  in  its  neighborhood.  After  scour- 
ing, the  cylinder  may  bo  farther  cleansed  by  means  of  an  old 
coarse  tile,  after  which  it  will  be  ready  to  be  handed  over  to  tho 
turners  and  fitters,  whose  operations  upon  it  next  require  atten- 
tion. 

Tiie  first  operation  to  which  the  cylinder  will  be  subjected  by 
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tie  tnmer,  will  consist  in  boring  the  cylinder,  cutting  off  the  lieail 
or  rujrner,  and  lacing  the  flanges;  and  it  ia  in  tliis  operation  of 
boring  that  the  advantage  of  casting  the  cylinders  with  the  steam 
paasagea  closed  ia  observed ;  for  if  tUe  cylihder  were  cast  with  it 
open,  the  cutting  tool  would  bo  damaged  by  the  concusaions 
produced  every  time  it  passes  over  the  opening;  and  after  the 
Ixjring  the  thin  film  of  metal  left  may  readily  be  cut  away  with 
the  chisel,  and  the  edges  of  the  ports  filed  smooth.  We  have 
alreaily  described  tho  boring-bar  and  heail  in  the  chapter  on 
Workshop  Machinery,  but  nevertheless  deem  it  desirable  here  to 
iiiaurt  an  illustration  of  the  boriug-head,  and  cutting  tools  com- 
monly used  with  It. 

In  Fig.  48,  the  upper  sketch  represents  a  boring-head  made  of 

cast-iron,   and  accurately   bored    in   the 

centre,   and  turned  upon  the  periphery. 

The    boring-bar   upon   which   it  travels 

from  end  to  end  is  shown  by  the  shaded 

^bart  at  /,'  e  e,  kc.  are  slots  in  which  the  i 

^^boring   tools  are  fixed   by   wedges,  the 

^■Doring-head    being   slightly   less    in   di-  ' 

■meter  than  the  interior  of  the  cylinder  to 

be  bored     The  head  is  first  used  with 

the  tool  shown  at  o  and  i,  which  acts 

almost  aa  a  scraper,  but  which  is  suiB- 

^ently  accurate  in  its  action  to  take  the 

iQugh   cuts  satisfactorily.     The  finishing 

cut  is  taken  with  the  point  tool  shown  at  c  aud  d;  and  in  taking 

this  cut  it  should  be  borne  in  mind  that  as,  by  the  friction  of 

^piboring.  the  cylinder  becomes  heated,  and  therefore  expanded,  the 

^BBeration  should  not  be  stopped  a  sufficient  time  to  allow  it  to 

^M^I  and  contract,  whereby  a  sudden  variation  in  the  bore  would 

^^m  produced. 

h.  will  be  ol)served  that  there  are  great  dilficultiea  in  boring 
t^linders,  when  compared  with  the  process  of  turning,  as  the  cut- 
ting-tools in  the  former  operation  can  scarcely  be  brought  into 
operation  at  a  lesa  angle  tlian  90° ;  hence  they  must  of  necessity 
act  rather  as  scrapers  than  as  cutting  tools  properly  so  called. 
In  the  most  accurately-turned  cylinders  we  see  that  the  interior 
1  is  not  that  of  a  perfect  cylinder,  but  of  a  frustrum  of  a  cone 
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of  very  small  angle,  that  is  to  say.  with  very  little  taper,  this  form 
being  thus  produced.  On  starting  the  work  the  cylinder  is  cold, 
but  as  the  boring  proceeds  it  becomeH  LL'atwl,  which  effect  will  not 
be  noticed  in  the  boring-head,  but  only  in  the  cutting  tool.  The 
result  is  that  the  cylinder  expands  whilo  the  radius  of  the  cutting 
wlge  remains  almost  constant  Hence  that  end  of  the  cylinder  at 
which  the  boring  was  commenced  will  ultimately  possess  a  diame- 
ter somewhat  greater  than  the  other  parts ;  but  the  diflbrenee  is 
far  too  trilling  to  be  taken  into  account  in  practice.  Nevertheless, 
it  is  desirable  to  be  acquainted  with  the  true  state  of  afSiirs. 

The  cylinder,  finished  with  the  point-boring  tool,  presents  on 
its  interior  surface  the  appearance  of  a  screw  ftimished  with  an 
extremely  delicate  thread.  Hence,  it  may  readily  be  believed  that 
with  a  new  cylinder  there  is  at  first  much  friction ;  but  in  a  few 
days  the  roughness  wears  off,  and  the  interior  of  the  cylinder  bo- 
cornea  perfectly  smooth  and  bright. 

A  just  consideration  of  these  facts  leads  to  the  conclusion  that 
it  is  unfair  to  test  the  powers  of  an  engine  immediately  after  it   , 
is  erected ;  and  that  results  more  nearly  approaching  the  trutll 
may  be  readily  obtained  after  the  machinery  has  been  at  work  £ 
a  few  days. 

The  method  of  boring  the  cylinder  having  been  diacnssed,  i 
will  be  necessary  to  pass  on  to  the  other  operations  connected  n 
the  formation  of  this  important  element,  which  contains,  as  it  wentl 
the  vital  force  to  which  the  meolianical  movements  of  the  i 
engine  are  due,  and  upon  which  they  are  dependent. 

The  next  operation  will  consist  in  facing  the  flanges,  which  m»y  1 
be  done  by  attaching  a  temporary  slide  apparatus  to  bold  the  cut-  J 
ling  tool,  in  order  to  allow  a  motion  of  the  same  from  the  interior  ] 
i>f  the  cylinder  towards  the  exterior,  the  cut  being  commenced  I 
the  internal  edge  of  the  flange.  The  method  of  completing  t 
out  is  obvious,  henoe  no  further  description  of  it  is  necessary 

The  next  step  will  consist  in  the  preparation  of  the  port  faoDfJ 
npon  which  the  valve  which  regulates  the  admission  of  s 
the  cylinder  moves.     These  port  faces  are  first  planed  and  fil«j 
and  then  reduced  to  a  surface  as  nearly  plane  as  can  bo  obi 
by  the  following  means : 

A  surface-plate  of  tlic  form  already  described  in  a  previiM 
chapter,  is  smeared  with  mddto  or  other  a'miilar  coU>riDg-it 
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Mid  then  placed  upon  the  port  faces  and  gently  uiovod  about  in 
contact  with  them ;  then  it  ia  evident  that  thosii  points  on  the  [.ort 
&ces  which  are  most  elevated  will  alone  be  iu  contact  with  the 
surface -plate,  and  therefore  will  become  marked  with  the  coloring- 
matter.  The  highest  points  in  the  surface  will  become  thus 
iudicatod  by  the  coloring  matter  taken  np  by  them,  and  may  be 
reduced  by  scraping.  The  operation  with  the  surface-plate  ia 
again  and  again  repeated,  until  it  ia  found  to  bear  uniformly  upon 
the  port  faces.  The  method  of  adjusting  the  slide  to  the  port  faces 
will  subsequently  be  described. 

The  foregoing  operations  haviog  been  satisfactorily  conducted, 
it  remains  to  drill  in  the  flanges  of  the  cylinder  the  holes  through 
■%vhieh  the  bolts  by  which  the  covers  are  attached  to  the  cylinders 
pass  ;  and  also  the  bolt-holes  in  the  port  face  flanges  by  means  of 
■which  the  slide-jaeket  will  subsctjuently  be  attached. 

If  the  cylinder  be  intended  to  oscillate,  it  will  be  furnished 
"writli  trunnions,  which  must  of  course  be  accnrately  turned. 

The  cylinder- covers  will  not  require  attention ;  they  may  be 
classed  under  two  heads, — plain  covers,  and  covers  furnished  with 
an  air-tight  stuffing-box  to  allow  a  rod  to  work  through  it,  air  and 
steam-tight.  One  of  each  class  is  usually  required,  A  section  of 
tVie  plan  is  shown  at  the  bottom  of  the  cylinder,  Fig.  49.  Tliis  is 
tlie  form  generally  used  for  small  engines.  In  larger  ones  it  will 
be  frequently  convenient  to  make  the  covers  concave  on  the  inside, 
tliereby  aflbrding  extra  strength.  It  ia  of  course  circular  in  plan. 
The  upper  cover  will  be  similar  in  every  respect,  except  that  an 

I  Fig.  «. 

■ir  and  steam-tight  aperture  must  be  provided  for  the  passage  of 
[he  piston-rod.  The  cylinder  covers  must  be  turned  on  their 
peripherics,  and  boles  must  bo  drilled  in  them  corresponding  with 
ihoee  ia  the  flanges  of  the  cylinder. 
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The  reader's  attention  wil!  now  be  directed  to  llie  means  nsu&Uy 
employfid  when  it  is  recLuisite  that  a  rod  should  work  through  an 
aperture,  air  and  steam-tight.     This  ia 
eflected    by  meaua   of   a    contrivai 
called  a  stufEng-box,  famished  with 


Fift.  so. 


oW^ 


In  Fig.  50  ia  shown  a  section  of 
atulfiug-box  and  gland ;  c  (^  is  the  rod^ 
which  is  required  to  work  air  and 
steam-tight  tlirough  an  aperture  in  the 
plate  ah.  Upon  this  plate,  and  in  one 
]niice  with  the  same,  is  cast  a  cylindri- 
cal box,  or  cylinder,  furnished  at  the 
top  with  a  flange,  e/;  this  box.  techni- 
cally termed  the  stuffing-box,  is  bored 
at  the  bottom  accurately  to  fit  the 
rod  c  d,  and  at  the  upper  portion  it  is  bored  out  somewhat  larger, 
as  shown,  to  have  a  cylindrical  cavity  round  the  piston  rod.  To 
this  box  is  fitted  a  gland,  which  gland  is,  in  fact,  a  cylinder  fur- 
nished with  a  flange,  3  h.  This  cylinder,  or  gland,  is  bored 
throughout  its  length  so  as  to  fit  accurately  the  rod  c  d,  and  its 
exterior  surface  is  turned  down  to  such  a  diameter  that  it  may 
slide  with  ease  into  the  stuffing-box  already  descril)ed.  A  closed 
apace,  it,  will  then  exist  round  the  rod  cd.  This  space  is  filled 
with  greased  hemp,  as  packing,  or  with  some  other  suitable  ma- 
terial. The  bottom  of  the  gland  is  not  faced  up  flat,  but  concave, 
as  Bhown :  the  bottom  of  the  stuffing-box  being  similarly  formed 
in  order  to  force  the  packing  against  the  rod  cd;  but  with  some 
kinds  of  packing  this  construction  is  dispensed  with,  flat  faces 
being  used.  The  packing  is  compressed  by  tightening  up  the 
bolts  e  g,  &c.,  whereby  the  gland  ia  forced  into  the  stuffing-box. 
The  gland,  if  small,  may  be  fixed  in  a  dog-chuck,  and  bored  out 
by  a  side  tool ;  but  if  very  gi'eat  accuracy  is  required  a  small 
boring-bar  may  be  used.  For  boring  articles  similar  to  glands, 
the  following  contrivance  is  very  eonvenient,  A  small  boring-bar 
is  fixed  in  an  ordinary  drilling  machine,  the  boring-bar  being  fur- 
nished with  slots,  in  which  cutting  tools  may  be  firmly  fixed. 
This  bar  passes  through  a  circular  aperture  in  the  centre  of 
drilling  table,  being  thereby  steadied.     The  work  to  bo  bored 
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•ocuratelj  fixed  upon  the  centre  of  the  drilling  table,  the  lx>ring- 
bar  pjissing  tbrougb  its  axis. 

A  proper  boring  tool  being  fitted  to  the  boring-bar,  the  boring 
of  the  work  is  proceeded  with,  the  cutter  being  eaused  to  descend 
as  the  boring  proceeds  by  means  of  the  usual  fuod-motion  of  the 
drilling  machine. 

In  many  cases  the  stufGng-box  is  lined  with  bi-ass,  and  the  gland 
rather  lined  with  brass  or  made  entirely  of  that  metal. 

The  foregoing  description  of  a  steam-tight  aperture  will  answer 
generally  for  every  case  where  a  rod  ia  required  to  work  as  above, 
no  matter  whether  it  be  a  piston-rod,  slide-rod,  or  other  similar 
dement. 

The  next  details  to  be  considered  are  those  referring  to  the  ad- 
mission of  steam  to  cylinders  of  the  oscillating  class.  We  have 
already  mentioned  that  the  steam  is  admitted  through  one  trun- 
nion, and  exhausted  through  the  one  opposite,  and  it  now  remains 
to  describe  the  connection  between  the  trunnion  anil  the  steam- 
pipe. 

Two  methods  of  constructing  this  joint  will  be  described.  In 
the  accompanying  Figs.  51  and  52,  rfe  is  a  portion  of  the  cylinder, 
c  the  steam-band  surrounding  it,  b  the  interior  of  the  trunnion,  hh 
the  portions  embraced  by  the  trunnion  bearings  whereby  the  cylin- 
der ia  supported,  a  a  the  extremity  of  the  steam-pipe.  This  steam- 
jdpe  is  at  rest,  while  the  trunnion  oscillates  so  that  it  has  a  circum- 


Fig.  61. 


Fig.  B2. 
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I  ferential  motion  about  the  steam-pipe.  In  Fig.  51  the  joint  is 
madt!  steam  tight  by  enclosing  the  extremity  of  the  steam-pipe 
within  the  stuffing-box,  as  shown :  it  being  ncoessary,  in  forming 
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the  parts,  to  bore  the  trunnion  and  gland,  and  to  turn  1 
tpemity  of  the  steam-pipe  so  that  it  shall  fit  accurately  the  interiOT-l 
of  the  trunnion.  The  arrangement  of  the  Fig.  52  is,  however, 
much  simpler,  and,  we  think,  prtsferable.  In  this  case  no  gland  ia 
used,  but  the  ends  of  the  trunnion  and  steam-pipe  are  faced,  and 
rest  in  contact  with  eaeh  other,  the  joint  being  kept  steam-tight  bj 
a  ring,  i  i,  let  into  a  recess  in  the  extremity  of  the  ateam-pipe. 
By  this  method  the  boring  of  the  trunnion  and  the  turning  of  the  J 
steam-pipe  are  avoided. 

The  reader's  attention  -will  now  be  called  to  the  means  of  ad- 
mitting steam  to  each  extremity  of  the  cylinder,  and  allowing  of  J 
its  escape  at  the  termination  of  the  stroke.  It  will  be  neccssaiy  J 
in  the  first  plaoe  to  consider  what  requires  to  bo  done ;  and,  in  thflJ 
next  place,  the  various  means  of  doing  it,  avoiding  however 
cumbering  the  space  at  disposal  with  accounts  of  methods  dia-l 
placed  by  modern  improvement. 

There  exist  in  the  neighborhood  of  the  cylinder  two  pairs  of  { 
passages ;  the  first  pair  have  each  one  extremity  communicating  J 
with  the  valve  arrangement,  their  other  extremities  communicating^ 
with  the  interior  of  the  steam-cylinder, — one  communicating 
the  top,  the  other  with  the  bottom  of  the  same.     We  have  aJao 
the  second  pair  of  passages, — one  connects  the   boiler  with  the 
valve  arrangement,  whilst  the  other  connects  the  valve  arrange- 
ment with  the  exhaust, — -and  what  is  required  to  be  done  is  thisiJ 
To  let  the  top  passage  to  the  cylinder  communicate  with  the  boilel 
when  the  bottom  passage  is  open  to  the  exhaust,  and  vice  v 
and  this  has  to  be  done  in  a  peculiar  manner,  in  order  to  cauai 
engine  to  run  in  the  direction  desired,  and  to  prevent  the  p 
bility  of  its  reversing  itself. 

It  is  desirable  to  commence  the  description  with  the  simples 
form  of  valve,  and  then  to  proceed  by  steps  to  the  more  comply 
cated.     Fig.  53  represents  a  section  of  the  steam-ports  and  i 
slide-valve,  surroundM  by  the  steam-chest,  and  also  a  view  of  t 
back  of  the  valve;  a  6  is  part  of  the  interior  of  the  cylinder,  t 
eteam-passagL'S  opening  into  the  cylinder  at  a  and  b;  a:  is  a  portio 
of  the  piston ;  c  and  d  are  the  external  steam-ports,  e  being  a  port  ^ 
leading  to  the  exhaust  {for  front  view  of  port  faces  see  Fig.  47);' J 
upon  the  port  faces  slides  a  box,//  called  a  short  slide-valve;  thej 
box  is  of  such  width  as  to  cover  the  ports,  and  of  such  length  a 


DETAILS  OF   STEAM-EXGIXE3. 


9  oorer  one  Hteara-port  and  exlmust-port ;  kk  \a  tlie  steam-chest, 
Ivliich  is  bolted  oa  to  the  port  faces,  and  within  which  the  sUde 
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Ive  moves.  The  surfacca  of  contact  between  the  shde-valve  and 
the  port  facea  are  planed  and  very  accurately  finished  by  means 
of  a  planometer,  and  making  the  two  surfaces  act  as  planometera 
to  each  other,  eo  that  no  steam  shall  escape  through  the  valve. 
iVbe  steam-cbest.  k  k,  ia  kept  full  of  steam  by  means  of  a  pipe 
ling  from  the  boiler,  the  extremity  of  which  is  shown  at  I 
le  slide-valve  ia  moved  by  means  of  a  rod  (A)  passing  through  a 
gland  in  the  steam- clicst ;  A'/'/"  show  a  back-view  of  the  valve, 
"With  the  valve  in  the  position  shown  it  is  evident  that  the  steam 
catering  the  steam-chest  will  pass  through  the  port  d  into  the  bot- 
tom of  the  cylinder  at  b,  and  the  steam  in  the  upper  part  of  the 
cylinder  will  pass  out  through  the  passage  ac  into  the  cavity  of 
*he  slide-valve,  and  thence  into  the  exhaust  port  e.  When  the 
■/alve  is  moved  into  the  position  shown  by  the  dotted  lines  yj,  the 
flireetion  of  the  steam  will  be  reversed,  the  eteam  in  the  chest  en- 
tering the  upper  part  of  the  cylinder,  whilst  the  steam  in  the  lower 
part  of  the  same  passes  out  through  the  valve  into  the  exhaust 
The  valve  is  kept  close  up  to  the  port  faces  by  the  pressure  of  the 
steam  acting  at  the  back  of  it,  which  is  much  in  excess  always  of 
pressure  on  the  interior  of  the  valve,  because  that  cavity  non- 
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Htantly  communicates  with  the  exhauat-port.  This  valve  ia  ex- 
ceedingly compact,  and  very  generally  uaed.  In  order  to  insure 
the  motion  of  the  engine  always  in  the  desired  direction,  it  is 
necessary  that  the  stcara-port  should  be  partly  opened  before  the 
commencement  of  eauh  stroke ;  or,  in  other  words,  that  it  should 
be  in  advance  of  the  piston.  This  is  called  giving  the  valve  a 
lead.  In  order  to  cut  off  the  steam  at  an  earlier  period  of  the 
stroke  than  would  ordinarily  be  accomplished  by  the  valve,  its 
edges  are  made  somewhat  wider  than  the  steam  porta.  This  is 
known  as  giving  the  valve  lap. 

Slide-valves  of  the  foregoing  form  are  in  some  engines,  sucli 
as  locomotives,  made  exceedingly  short,  in  order  to  reduce  as  much 
as  possible  the  motion,  or  travel  as  it  is  called,  of  the  valves. 
The  slide-valve  ia  then  frequently  moved  by  a  frame  which  sur- 
rounds the  box  part  of  the  valve,  having  attached  to  it  rods  which 
pass  out  at  the  ends  of  the  steam-chest.  By  this  arrangement  the 
va^ve  can  readily  adjust  itself  to  the  pressure  which  keeps  it  up 
to  the  port  faces  without  straining  the  valve  rods. 

In  Fig.  54  views  of  the  very  short  slide-valve  are  shown :  a  is 
a  section  of  the  valves,  steam  pas- 
sages, and  chest ;  S,  a  front  eleva- 
tion of  the  ports,  which  are  long 
and  narrow;  c,  a  front  view  of 
the  slide;  and  d,  the  slide  rod 
and  frame.  It  is  evident  that  with 
these  narrow  ports  a  very  slight 
movement  of  the  valve  ia  suffi- 
cient to  open  and  close  them. 

The  next  valve  described  will 
be  a  long  valve,  which  is,  bow- 
ever,  in  some  respects,  somewhat 
similar  to  the  foregoing  short 
elide. 

It  may  here  be  mentioned, 
before  proceeding  farther,  that 
the  number  of  pieces  in  which 
the  steam  jackets  are  made  may 
be  determined  from  the  figures  by  observing  the  occurrence  (  " 
Sanges  whereby  the  various  parts  are  bolted  together. 


Fig.  5*. 
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Fig.  55  represents  a  section  of  the  slide  mentioned  above.     It  ia  1 
a  long  tube ;  a  and  b  are  the  steara-passi^es,  c  ia  die  exhaust-port  I 
it  is  a  hollow  in  the  metal  to  lighten  the  cylinder  casting,  tf  e  is  I 
the  slide,//  the  steam  chest,  and  g  the  slide  rod.     With  the  slids  1 
in  the  position  shown,  it  is  evident  that  the  steam  in  the  chest  will  | 
pass  round  the  slide  into  the  bottom  of  the  cylinder  at  b,  and  the  \ 
steam  in  the  upper  part  of  the  cylinder  will  pass  through  the  j 
whole  length  of  the  slide  rod  into  ths  exhaust  c.     AVhen  the  valve  ] 
ia  raised  to  the  position  shown  by  the  dotted  lines,  the  steam  from 
the  chest  will  pass  through  a  into  the  upper  part  of  the  cylinder, 
while  the  steam  in  the  lower  part  passes  into  the  valve  and  thence 
to  the  exhaost,  the  aperture  at  the  lower  part  of  the  valve  d  being 


sufficiently  wide  to  cover  the  ports  b  and  c.     The  apertures  at  the 
extremities  of  the  slide-valve  are  of  course  rectangular,  whioh   ( 
form  ia  gradually  changed  to  circular  or  elliptical  in  the  centre  i 
part  of  the  tube.     The  port  faces  are  in  every  case  surfaced  aa 
above  described.     With  this  long  valve  it  ia  found  necessary  to 
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oave  a  ligbt  spring  i,  to  press  it  agunst  the  p(nt  Suxa,  o/SbennMe, 
irlien  the  steam  is  shut  o%  it  will  &11  away.  The  alide  jacket  ia 
made  of  a  semicircular  or  D  shape,  or  oblong  aa  ahown  at  the 
horizontal  section  m,  which  section  is  formed  hy  a  plane  catting 
die  slide  on  the  line  n  n. 

The  next  vatre  to  be  considered  is  the  D  Talve,  of  which  views 
are  shown,  Fig.  56;  this,  like  the  former,  ia  a  long  vbItb. 

In  Fig.  66,  a  and  b  are  the  steam-paasagea  to  the  cylinder,  e  and 
d  are  two  D-shaped  slides,  as  shown  in  place  at  /  these  slides 
oeing  connected  by  a  hollow,  pipe;  ed  e  ia  &e  ezhaiut  pipe^ 
which,  contrary  to  those  already  desoribed,  is  independent  of  the 
cylinder,  proceeding  from  the  steammhesL    The  D^h^M  valves 


F%M. 


are  accurately  fitted  to  the  steam-jacket,  which  ia  truly  shaped  up, 
being  rendered  steam-tight  at  the  back  or  convex  part  by  metal 
slips  pressed  against  the  steam-jacket  by  springs ;  these  slips  being 
shoun  at  the  elevation  g,  and  at  the  enlarged  section  i.    The 
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•lidea  are  moved  by  a  rwl  h,  attached  to  a  lug  on  the  front  part  of 
the  upper  valve.  The  steam  is  admitted  between  the  D-shaped 
alidi^  and  in  the  position  shown  it  is  evidently  passing  through 
the  passage  b ;  the  ste&m  in  the  tipper  part  of  the  cylinder  is  pass- 
ing into  the  steam-jacket,  tbcnce  through  the  tube  c  d  to  the  ex 
hanat  pipe  «,  If  the  slides  be  now  caused  to  rise  above  the  port-i. 
ks  shown  by  the  dott^sd  lines,  then  it  is  evident  that  the  steam  wiil 
flow  into  the  cylinder  at  a,  and  out  of  the  bottom  of  the  cylin  let 
M  b  into  the  exhaust. 


rfq 
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It  is  not  absolutely  necessary  in  tliis  form  of  valve  to  make  the 
^^^am-Jacket  continuous,  but  it  may  be  made  in  two  parts,  as  shown, 
ig.  57 ;  the  tube  connecting  the  slides  being  carried  through 
»tx»ffing.boxes,  in  each  of  the  short  st«am -jackets.  The  steam  is 
'^•iiitted  to  the  inner  end  of  each  steam-jacket,  that  is  to  say,  to 
**^  parts  nearest  c  d  in  Fig,  56.  In  the  position  shown,  the 
*"^am  is  passing  into  the  bottom  of  the  cylinder,  and  out  of  the 
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upper  paft  of  the  cylinder,  through  the  connecting  tube  into  tlie 
lower  jacket,  and  tbeoce  into  the  exhaust  pipe. 

Fig.  58  represents  a  very  ingenious  form  of  long  valve.  The 
valves  consist  of  two  round  slides  or  pistons,  fitted  with  packing 
rings,  pressed  outwards  with  springs.  The  aleam  is  admitted  at  s 
between  the  slides,  and  around  the  valve  jacket  at  each  end  is  a 
casing  communicating  with  t!ie  exhaust,  and  also,  nearer  the  centre 
of  the  jacket,  there  are  circular  passages,  a  a,  bb,  communicating 
with  the  steam-ports  a  and  b.  Diagonal  slits  c  c,  open  a  communi- 
cation between  the  steam-ports  and  the  interior  of  the  steam-jacket. 
In  the  position  shown  in  the  figure  it  is  evident  that  the  steam  ad- 
milted  at  0  is  passing  through  the  lower  set  of  diagonal  slits  into 
the  steam  passage  b,  whilst  the  steam  in  the  upper  part  of  the 
cylinder  is  passing  from  the  passage  a  a  through  the  upper  scries 
of  slita,  and  out  at  the  end  of  the  steam  jacket-  If  the  valves  be 
moved  up  past  the  diagonal  slits,  the  direction  of  the  steam  will  be 
reversed. 

In  some  instances  two  sets  of  valves  are  used,  one  for  the  Hteem 
and  one  for  the  exhaust,  and  in  this  arrangement  the  ports  at  top 
and  bottom  are  worked  by  distinct  slides,  four  slides  being  alto- 
gether required.  These  slides  consist  of  flat  plates  accurately  sur- 
faced to  fit  the  port  faces,  and  by  having  the  exhaust  and  steam 
slides  separate,  they  may  be  manipulated  independently  of  each 
other,  which  affords  great  facilities  for  regulating  to  a  nicety  the 
Fig.  59. 


admission  and  exhaustion  of  the  .steam. 
ports  require  a  somewhat  different  arra 


As  the  steam  and  exbaoat- 
igcmcnt,  in  order  that  the 
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pressnre  of  the  steam  may  keep  the  slides  against  the  faces  on 
Vfliiuh  they  work,  we  give  two  sketches  of  the  arrangement  of 
these  slides. 

In  Fig-  69  the  section  e  represents  one  of  the  steam  slides,  and 


r\e-  80. 


^\J\  Jl 


rrr: 


;  with  the 


Fif.  ei. 


/one  of  the  exhaust  slides.  In  the 
former,  s  is  the  steam-pipe,  a  the  slide, 
e  the  upper  steam  passage,  and  6  the 
port  face ;  at  m.  the  ateani  pipe  is  con- 
linued  to  supply  the  lower  valve;  as 
shown,  the  valve  is  closed.  At  /  the 
exhaust  elide,  c  is  the  upper  exhaust  '^--  I 
passage,  a  the  slide  valve,  h  the  port 
iace,  X  the  exhaust  pipe,  and  y  a  pipe  comm 
lower  valve. 

From  these  illustrations  we  see  that  tlie 
valves  are  so  arranged  that  the  greatest 
pressure  upon  tbera  is  on  the  side  opposite 
the  port  face. 

We  will  now  call  attention  to  some  loco- 
inolive  slides.  The  slide  valves  for  the  two 
cylinders,  shown  Fig.  60,  are  placed  on 
vertical  faces  in  a  single  steam-chest  between 
th«  pair  of  cylinders.  One  slide  has  a  plaie, 
d,  cast  or  bolted  on  its  back,  and  planed  tu 
accurate  parallelism  with  the  working  Aicc, 
The  other  slide  has  an  open  box  cast  upon 
its  back  to  receive  a  piston,  /,  having  -.m 
apper  or  end  face,  also  planed  parallel  to  iIil' 
end  face.  The  piston  is  fitted  stcamtiglit  in 
its  cylinder  or  box,  and  its  planed  top  bears 
steam-tight  against  the  face  of  the  plate  i^,  iji 
working.  By  this  arrangement  the  slides  -ir'"' 
relieved  from  one  half  the  steam-pressure: 
and  to  assist  the  free  exhaust,  a  port,  <j,  i- 
formed  in  the  back  plate,  d,  of  one  of  tlie 
filidea,  to  allow  the  steam  an  additional  exit  through  the  exhaust- 
port  of  the  opposite  valve.  The  other  parts  of  this  valve  are  as 
^nsual.  Various  kinds  of  valves  called  equilibrium  valves,  have 
I  time  to  time  been  produced,  and  one  example  of  the  class  is 
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Fig.  a-2. 


shown  in  Fig.  61.  a  b,  and  c  d,  are  tbe  a  team -passages,  it  the  valve, 
k  k  the  steam-chest,  m  tiie  exhaust-pipe.  The  sliile  valve  works 
accurately  between  the  port  fiiue  anil  the  interior  of  tlie  steam- 
chest;  it  is  kepi  sleam-tiglit  by  packing  rings  on  the  surface/yi 
wbioh  are  pressed  against  the  interior  of  the  ateam-cheat  bv  springa 
at  the  bock.  All  the  workin,:^  facea  must  oi"  course  be  accurately 
surfaced.  In  the  position  in  which  the  valve  is  shown,  it  is  evident 
that  steam  ia  entering  the  upper  steam-passage  and  leaving  the 
lower  one,  passing  straight  through  the  valve  into  the  exhaust- 
pipe  VI.  On  raising  the  valve  the  direction  of  the  steam  will  ba 
reversed.  This  valvo  is  evidently  in  etinilibrio,  as  the  steam- 
pressure  afieeting  it  ei^ually  in  both  directions,  will  act  exert  any 
action  upon  it. 

There  is  another  kind  of  equilibrium 
valve  which,  although  derived  from  the 
common  short  valve,  is  in  principle  al- 
most identical  with  the  long  D  valve.  A 
section  of  it  is  shown.  Fig.  62.  a  and  h 
are  the  steam  passages,  c  the  valve,  hav- 
H  hg  ing  a  cavity  corresponding  to  that  of  the 

1  fl r     fpj^       short  slide,    but   having   at   its  back  a 

semi-cylindrical  tube,  packed  to   fit  the 
steam-chest    perfectly    tiglit.       In    tbis 
^        [TP      n  valve  the  steam,  when  being  admitted  to 

^IT^  the   upper  port,  passes  direct  from  the 

steam-pipe  »  to  that  port,  while  the  steam 
from  the  lower  end  of  the  cylinder  passes 
out  through  the  cavity  c  of  the  valvo. 
When  the  valve  rises,  the  steam  traverses 
its  length  and  passes  into  the  bottom  port; 
the  steam  in  the  upper  part  of  the  cylin- 
der then  exhausting  through  the  cavity  c 
e  ia  a  plan  of  the  valvo,  and/ a  section  of 
the  same.     On  the  line  c  d. 

Before  taking  leave  of  the  eubject  of 
slide  valves  it  will  be  necessary  to  pay 
some  attention  to  those  uaud  for  double- 
cylinder  engines.     And  in  the  first  place,  the  direction  of  the  steam 
must  be  carefully  observed.     It  may  be  best  explained  by  means 
of  a  diagram. 


y 


O) 


TETAILS   OF    STEAM  ESGINES.  133 

Xn  Fig.  63  two  cylinders  arc  shown,  fitted  witii  pistons,  and  of 
'iiiae  cylinders  a  is  much  smaller  than  b.  It  is  evident  timt  if 
i-igh-pmssure  stat-m  be  used  in  a,  and  after  one  stroke  of  the  piston 
Ijaii  been  made,  a  communication  be  opened  with  one  extremity  of 
the  large  cylinder,  the  steam  will  pass  out  of  the  small  cylinder 
into  t!ie  large  one,  bucause  it  may  thereby  expand,  and  in  so  doing 
it  will   impel  the  piston  in  the  large  cylinder.     Tlie  advantage 

Fig.  63. 


gained  \y.  this:  tliat  allrr  tin*  ^b-.ui-\  lias  done  all  the  work  of  which 
il  is  capable  in  the  small  cylinder,  it  does  work  in  the  large  cylin- 
i!er,  iK^uivalent  to  the  traverse  of  the  large  piston  multiplied  by 
iliB  mean  pressure  in  the  large  cylinder,  and  by  the  difterence 
Iwlween  the  areas  of  the  two  pisttins. 

Let  it  be  recjuired  to  construct  port  faces  and  a  valve  of  such 

i"'Jrm  that  the  stoam  may  mn  as  follows : — first,  rny,  into  the  upper 

pirtot'the  small  cylinder,  that  is  to  say,  into  the  front  end  c,  thenco 

I      into  the  end  d  of  the  large  cylinder,  and  finally  from  thence  into 

ibeexliausL     Then  the  steam  which  passes  into  the  end  e  of  the 

•i^all  cylinder,  will  pass  thence  into  the  end  /  of  the  large  one, 

■inj  ilience  into  the  exhaust.     The  valve  arrangement  required  ia 

dliown  (Fig.  04):  a  and  fi  are  the  ports  to  the  large  cylinder,  c  and 

'/  those  to  the  small  one,  e  tbe  sieam-port,  and  /  the  exiiaust-port. 

The  valve  consists  of  a  rectangular  block  of  metal,  kept  upon  the 

t'irt  faces  by  rollers  acted  upon  by  springs,  and  in  this  rectangular 

i'lock  or  valve  certain  recesses  and  pt^sages  are  cut  or  cast;  i  ann 

,■  are  recesses  similar  to  those  in  small  slide  valves,  and  k  I  \a  a 

inag  pasatige  similar  to  ihsit  in  the  long  valve.     In  t!ie  position 

f-hown  in  the  figure,  the  movement  of  the  steam  is  as  follows. 

from  the  steam-port;  e  the  steam  is  passing  through  the  recess _;' 

into  the  lower  port  c  of  the  small  cylinder;  the  steam  in  the  upper 

port  of  tbe  email  cylinder  is  passing  from  the  port  d,  through  the 
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long  passage  k  I  into  tlie  front  part  of  the  large  cylinder,  and  ll 
steam  in  tbe  lower  part  of  the  same  ia  passing  from  tbe  port  H, 
tbroiigli  the  recess  /,  into  tbe  exbaust-port  /.     If  tbe  slide  be  now 
moved  forward  the  steam  will  then  pass  from  the  steam-port  r 
through  the  recess/,  into  the  port  d;  from  the  port  c,  through  i^ 

FSg.  S4. 


t  tb« 


into  the  port  h,  and  from  tbe  port  a  into  tbe  extremity 
long  passage  and  out  at  the  exbaual/.  It  cannot  pass  out  at  tbe 
end  k  of  the  passage,  as  that  will  bo  closed  by  contact  with  tbe 
part  m  of  the  port  face,  n  is  the  slide  rod ;  i;  A  is  a  front  view  of 
the  slide  valve.  There  are  many  varieties  of  slides  for  double- 
cylinder  engines,  some  of  which  exhibit  great  ingenuity,  but  tbtt 
foregoing  example  may  be  reganled  as  a  type  of  most  of  tl 
wherefore  we  sbull  now  take  leave  of  this  subject. 

The  next  part  of  the  ftylinder  apparatna  which  strikes 
observer's  eye,  is,  when  such  is  naed,  tbe  expansive  valve;  tho 
object  of  which  is  to  supply  a  means  of  cutting  off  the  steam  from 
the  cylinder  at  any  part  of  tbe  stroke  of  the  piston,  independently 
of  the  action  of  the  slide  valve.  These  valves  are  usmiUy  of 
simple  construction,  and  Fig,  60  exhibits  a  section  of  one  form  of 
oxpnnsion  valve.  Let  n  t  be  the  slldu-valvo  jacket  or  steam  cliesl 
within  which  tbe  slide  valve  iierfornis  its  usual  duty,  Tbe  atcotn 
Is  not  admitted  direct  to  tliis  cbcst,  but  to  another  one,  c  d,  placed 
Bt  tbe  hack  of  it.  e  /  is  a  flat  plute  of  metal,  accurately  sui 
and  fitted  lo  tbe  back  of  the  slide  jacket,  iu  which  three^  or 


DETAILS   OF  STEAM-ENGINES. 


135 


Pig.  C5. 


r  lea,  fts  tbe  case  may  bo,  loDgitndinal  slits  are  made,  an  equal 
nmber  of  slils  being  made  in  the  plate  ef,  and  so  disposed  that 
In  one  position  they  coincide  with  the  ports  in 
the  back  of  the  slide  jacket.     It  is  evident  that 
vhile  ibe  expansion  valve,  as  it  la  called  (e/), 
I  in  the  one  position  mentioned  abi>ve,  steam 
trill  be  freely  admitted  to  the  cylinder;  but  a 
bight  movement  will  cut  it  off,  and  the  narrower 
e  slils  the  more  suddenly  may  the  steam  com- 
tonnication  be  closed.     Thia  motion  is  imparted 
>  the  valve  sometimes  by  an  eccentric,  but  more 
joerally  by  a  cam,  as  will   hereatler   be   ex- 
plAJDed,     When  the  slits  are  very  tmmerous  tbe 
fclve  is  called  a  gridiron  valve. 
While  on  the  subject  of  sliding  valvci^,  wc 
may  mention  that  all  the  flat  surraces  must,  bk; 
tnily  planed  and  scraped,  after  which  operatinn 
jhey  will  present  a  mottled  or  patchy  appearance,  being  a  very 
■  approach  to  a  true  plane,  but  consisting  in  reality  of  small 
Pirregular  hollows   and  ridges.     When  the  sur- 
face  is   planed   only,   it   consists   of  numerous 
grooves  and  furrows,  but  approaches  most  nearly 
^to  an  accurate  plane  when  it  is  truly  ground 
rith  very  fine  grounding  powder,  the  operation, 
powever,  being  so   inconvenient  that  it  is  not 
::tised  for  flat  work.     After  the  slides  have 
Ben  in  use  for  some  time,  they  present  on  their 
nirfaces  a  bright  appearance,  exercising  also  a 
llhromatic  eftect  probably  duo  to  thin  layers  of 
ttido  on  the  surface  of  the  metal   polished  by 
ncttOD.     In  fitting   up   the  valves  great  care 
bust  be  taken  that  when  finally  set  in  position 
ley  are  perfectly  free  from  any  kind  of  grit  or 

\  otherwise  the  faces  will  be  injured, 
'  It  Bometimea  occurs  that  water  collects  in  the  cylinder,  and  as  it 
■tinot  be  readily  expelled  through  the  ports,  it  u  necessary  to  pro- 
ide  Bome  special  means  of  exit.  For  this  purpose  a  valve  of  the 
krm  shown  (Fig.  6tJ)  is  frequently  used.    It  consists  of  a  plain 


Fig  66. 
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conical  valve,  with  a  spindle  working  in  guides  or  with  a  stalk." 
It  is  kept  in  its  seat  by  the  action  of  a  Bpriog,  Tlie  apparatus  raay 
be  screwed  into  the  cylinder  cover,  or  otberwisc  be  made  to  com- 
municate with  it.  If  any  water  accumulate  in  the  cylinder,  the 
piston  will,  at  the  termination  of  ita  stroke,  force  it  out  through 
the  valve,  a  represents  a  section  of  a  valve  and  seat,  suited  to  be 
screwed  on  to  a  cylinder  cover.  The  valve  is  furnished  with  a 
spindle  moving  in  guides,  b  and  c  exhibit  an  elevation  and  bot- 
tom plan  of  a  stalk  valve  removed  from  its  seating. 

There  is  yet  another  kind  of  fitting  which  demands  our  atten- 
tion in  connection  with  the  cylinder ;  it  in  a  grease-cock,  the  object 
being  to  supply  lubricating  material  to  the  internal  parts  of  the 
apparatus  while  it  is  at  work.  We  show  at  Fig.  67  sections  of 
two  forms  of  grease-cock,  both  intended  to  be  screwed  into  the 
cylinde'-  or  other  part  where  they  may  bo  retiuired.     In  the  sec- 


tion a  the  lubricating  material  is  poured  into  the  cup  b,  then  by 
turning  the  stop-cock  between  b  and  c,  the  grease  flows  into  the  re- 
BCrvoir  c.  This  cock  is  then  closed,  and  llic  lower  one  opened, 
when  the  grease  will  flow  into  the  vessel  to  be  lubricated.  At  eia 
shown  a  class  of  grease-cock  suitable  for  low  pressure  or  condens- 
ing engines.  The  cup  is  closed  at  the  bottom  wiih  a  valve,  capa- 
ble of  being  raised  by  a  screw  on  turning  the  handle  shown  in  the 
section.  The  method  of  using  it  is  as  follows:  when  the  piston 
ia  receding  from  the  grease-cock,  and  there  is  consequently  h 
vacuum  formed  beneath  the  latter,  the  valve  is  opened,  upon  which 
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the  pressure  of  the  atmosphere  forces  a  portion  of  the  lubricating 
material  into  the  cylinder. 

The  cylinder  is  fitted  also  with  a  cock  for  blowing  the  steam 
through  both  ends  at  once. 

Xow  that  we  have  described  the  form  and  construction  of  the 
cylinder,  jmd  those  parts  which  are  attached  to  it^  we  will  pass  on 
to  the  next  class  of  general  elements. 


cnAPTES  xm. 

ON  THE   DETAILS  OF  STEAM-ENGINES — [Conlinued). 
Piitons,  Hods,  Beams,    Qovernors,  &c.,  &c. 

The  steam -cylinder  having  been  fully  diacnased,  with  its  ex- 
ternal appendages,  it  is  necessary  to  examine  its  interior  intjclian- 
ism ;  the  first  and  most  important  part  of  which  is  the  piston,  upon 
which  the  steam  acts  directly,  and  to  which  it  communicates  its 
energy.  It  is  evidently  very  necessary  to  exercise  much  care  and 
ingenuity  in  order  to  obtain  a  satisfactory  result ;  tbe  requirements 
being  that  the  piston  shall  fit  the  cylinder  as  nearly  as  possible  air 
and  steam-tight,  that  it  shall  be  as  durable  as  possible,  and  mova 
with  the  least  possible  amount  of  friction.  With  tbe  metallic 
packing  now  exclasively  used,  results  in  practice  very  satisfactory, 
fiilflUing  as  nearly  as  possible  the  above  requirements,  have  been 
arrived  at,  the  leakage  being  equal  to  an  aperture  about  the  iiv©- 
thousandth  of  an  inch  in  width. 

It  is  advisable  to  commence  tbe  description  with  the  simplest 
form  of  piston,  observing,  however,  previously,  that  the  apertutB 
in  the  centre  of  tbe  piston  is  intended  to  receive  the  piston  rod. 

Fig.  68,  a  h,  and  tbe  following  sketches,  show  views  of  a  simpli 
form  of  piston.  The  first  view  is  an  elevation,  the  second  a  section, 
and  tbe  third  a  plan,  a  b  are  tlic  top  and  bottom  surfaces  of  tl 
piston,  jr  A  a  cut  packing  ring,  c  d  a  tongue  piece,  to  prevent  the* 
leakage  of  steam  where  the  packing  ring  is  cut  through  ;  "  /  in 
the  section  and  plan  show  the  body  of  the  piston,  i  j  the  junk 
ring,  and  tbe  aperture  for  the  extremity  of  the  piston  rod.  The 
junk  ring  has  for  its  ofice  to  hold  the  packing  ring  in  position, 
and  it  is  attached  to  the  body  of  the  piston  by  means  of  bolts, 
Tbe  plan  is  taken  with  tbe  junk  ring  removed,  in  order  to  show 
the  packing  ring  in  plan.     It  will  be  observed  that  this  packin;^ 
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ing  is  not  concentric,  ibat  is  to  say,  it  is  not  of  equal  tbil 
hroughout,  being  made  thinnest  at  the  point  where   it  T 
hrough,  and  increasing  in  thickness  both  ways  to  a  point  am 
ically  opposite,  the  object  being  tbat  the  pacliing  ring  Toayl 
qually  upon  the  cylinder  at  every  part  of  its  periphery. 
log  is  usually  made  of  cast-iron,  which  exhibits  a  very  unil 
ilasticity.     The  description  of  the  piston  being  completed,  f 
leceasary  to  explain  the  method  of  manufacturing  it. 


Fig.  68. 


I  first  step  should  consist  in  boring  out  the  aperture  k,  aftei 
t  rod  may  be  fitted  into  it ;  then  the  piston  is,  by  means  of 
1,  suiipended  between  the  latlio  centres,  and  its  body  is  ao 
f  turned,  and  drilled  and  tapped  to  receive  the  junk  rin^ 
3?he  upper  surfiice  of  the  flange  of  the  piston  being  scraped 
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and  faced  to  fit  the  packing  ring,  and  the  !«wer  surface  of  the  junk 
ring  being  treated  in  a  similar  manner,  the  upper  and  lower  &]gea 
of  the  tongue  piece  are  also  fitted  by  scraping  to  the  surfaces  with 
which  they  are  in  contact.  There  are  two  ways  of  making  the 
packing  ring ;  it  may  be  turned  in  the  lathe  to  a  diameter  a  little 
greater  than  that  of  the  cylinder,  when  the  following  means  will  be 
required  to  introduce  it  into  the  same.  An  iron  hoop,  cut  on  one 
Bide  and  furnished  with  luga,  as  shown  at  m,  is  placed  around  the 
piston  so  as  to  embrace  abuut  half  the  depth  of  the  packing  ring 
as  shown  by  the  dottid  lines  at  g  h.  It  is  then  screwed  up  by 
means  of  the  bolt  and  nut  shown  at  n,  until  the  packing  ring  ia 
sufficiently  compressed  to  partly  enter  the  cylinder ;  the  ring  m 
may  then  be  removed,  as  it  is  evident  that  the  cylinder  embracing 
the  packing  ring  will  eSectually  prevent  its  expansion.  The 
piston  may  then  be  forced  completely  into  the  cylinder.  A  method 
(laed  occasionally,  consists  in  turning  the  ring  accurately  to  the 
diameter  of  the  cylinder,  then  hammering  it  on  the  internal  periph- 
ery, to  render  it  hard  and  elastic,  and  to  impart  to  it  a  sufficient 
degree  of  tension,  so  that  when  it  is  subsequently  cat,  it  may  ex- 
pand and  press  against  the  sides  of  the  cylinder.  This  ring  must 
of  course  be  inserted  in  the  same  manner  as  the  last. 

The  above  may  be  considered  a  general  description  of  the  roost 
ordinary  kind  of  piston.  It  will  be  necessary  next  to  describe 
eome  varieties  of  steam  pistons.  The  first  approaches  very  nearly 
in  principle  to  that  already  described  ;  it  is  furnished  with  a  cat 
ring  precisely  similar  to  that  already  described,  but  this  ring  does 
not  press  immediately  upon  the  internal  surface  of  the  cylinder. 
but  it  acts  upon  rin^  external  to  it,  which  arc  thus  urged  against 
the  interior  of  the  cylinder.  These  outer  rings  are  usually  made 
in  three  or  more  segments,  so  as  to  adapt  themselves  as  nearly  as 
possible  to  the  form  and  variations  of  form  of  the  cylinder.  In 
the  construction  of  this  piston,  the  method  followed  is  similar  to 
that  already  detailed,  which  may,  in  fact,  be  regarded  as  the  gen- 
eral method  of  constructing  steam-pistons,  the  modifications  in 
each  case  being  obvious. 

linrge  pislons  are  not  constructed  with  solid  bodies,  but  they 
are  hollowed  out,  presenting  in  horizontal  section  the  appearance 
of  a  wheel,  as  it  consists  of  a  boss  through  which  the  extremity  of 
the  piston  rod  passes,  which  boss  is  connected  with  the  periphery 
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le  piston  by  means  of  plates,  top  and  bottom,  and  arms  which 
run  from  the  boss  to  the  periphery. 

Among  the  means  which  have  from  time  to  time  been  proposed 
for  packing  piatona,  the  action  of  a  great  variety  has  been  made 
to  depend  upon  the  action  of  spiral  springs,  which  press  outwards 
from  the  boss  of  the  piston  to  the  periphery;  in  the  form  these 
springs  are  caused  to  act  upon  wedges,  which  l>eing  urged  out- 
wards, tend  to  force  apart  the  Gegmenla.  The  accompanying 
Fig.  69,  will  give  some  idea  of  the  arrangement  of  a  piston  upon 


Fig-  > 


this  principle :  a  is  the  aperture  in  the  boss  of  the  piston,  through 
which  the  extremity  of  the  piston  rod  passes,  and  in  which  il  la 
secured.  This  boss  is  connected  with  the  periphery  of  the  piston, 
and  with  the  bottom  of  the  same  by  tlie  arms  b  h;  cccc  are  four 
atope,  against  which  the  extremities  of  the  spiral  springs  abut ;  the 
«phDgs  ddddiXG  guided  by  rods  passing  through  their  axes  for  a 
portion  of  their  length;  the  springs  act  upon  wedges  eeee,  which, 
in  being  pressed  outwards,  necessarily  tend  to  separate  the  four 
segments  into  which  the  external  packing  ring  is  divided.  This 
piston  has  not  come  into  genera!  use,  being  attended  with  many 
disadvantages,  one  of  which  is  to  wear  tlie  cylinder  irregularly. 
They  are  also  inconvenient  on  account  of  their  complicated  form. 

Pistons  are  not  unfrequeutly  packed  with  large  cut  rings,  or 
sesment^  which  are  urged  against  the  cylinder  by  small  blade- 
springs,  placed  between  the  body  of  Jhe  piston  and  the  packing 
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ring.  In  some  cases,  these  springs  have  been  supported  by  arra? 
proceeding  from  the  centre  of  the  piston  instead  of  abutting  against 
the  periphery,  which  periphery  is,  in  the  present  case,  diapensod 
■with.  The  arrangement  of  this  piston  is  the  shown  Fig,  70 ;  o  is,  as 
before,  the  aperture  tor  the  piston-rod,  bed  a  cut  packing  ring,  eeet 
four  arms,  which  serve  a  double  purpose,  connecting  the  boss  with 
the  top  and  bottom  of  the  piston,  and  carrying  at  their  extremttied 
the  blade-springs////.  These  springs  press  outwards  against  the 
out  ring  a  be,  which  is  cut  at  b;  these  springs  may,  by  set  screws, 
bo  adjusted  to  exert  any  required  pressure  upon  the  packing  ring. 
This  arrangement  appears,  however,  too  fanciful  for  practical 
purposes,  and  it  has  not  come  into  general  use. 

Another  form  of  piston  has  been  proposed,  which  is  shown, 
Fig.  71.     This  is  furnished  with  a  cut  ring ;  a  is  the  aperture  for 


Kg.  70. 


Fig.  Tl. 


the  piston  rod,  6  6  6  6  are  arms,  c  c  c  c  ia  an  elastic  ring,  which  is 
distorted,  as  shown  by  the  set  screws,  which  set  screws  working  in 
nuts  attached  to  the  ring,  abut  at  their  farther  extremities  upon 
the  cut  ring,  and  as  the  distorted  elastic  ring  tends  to  regain  its 
circular  form,  the  set  screws  are  pressed  against  the  packing  ring. 
1  his  piston,  like  the  previous  one,  possesses  the  disadvantage  of 
being  complicated. 

In  another  form  of  piston,  an  elastic  ring  is  also  used,  but  in 
thi,-*  case  it  is  compressed  by  one  set  screw  only.  None  of  these 
forma,  however,  have,  as  yet,  saperseded  the  first  piston  which  we 
doacribod. 

IVr.vrv  Uikiug  Ic'ivc  of  the  subject  of  stoam-pistona,  we  must 
okJI  tho  readors  alloulion  to  the  section  shown.  Fig.  72:  a  6  c  an 
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cot  rings,  precisely  similar  in  their  mode  of  action  to  tlie 
opiiiiary  ring  described  at  the  commencement  of  the  chapter,  d  is 


the  aperture  in  which  the  piston  rod  is  fixed,  e  e  show  the  general 
body  of  the  piston;  the  packing  rings  are  made  very  narrow, 
about  a  quarter  of  an  inch  wide,  sereral  of  them  being  used. 
These  rings  are  each  placed  in  a  separate  groove.  This  piston  is 
certainly  the  most  simple  in  construction  that  we  have  yet  seen ;  it 
has  been  applied  with  considerable  success  to  locomotive  engines. 

The  next  element  to  be  considered  is  the  piston  rod|  which,  how- 
ever, from  the  extreme  simplicity  of  its  form,  will  require  but  a 
abort  notice;  it  is  usually  made  of  wrought-iron,  and  accurately 
tomed  in  the  lathe.     To  the  top  of  this  piston  rod  various  kind* 


L  iT  cross-heads  are  attached,  according  to  the  class  of  engine  for 
■  Mhich  it  is  designed. 

To  calculate  the  diameter  of  the  piston  rod,  we  have  the  follow- 
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ing  formula.  Let  p  be  the  masirautn  pressure  of  steam  per  squar 
,nch,  d,  diameter  of  cylinder  in  inches,  D,  diameter  of  piston  re 
a.  inclies;  then 

For  low-presaure  engines,  where  the  total  pressure  does  no 
exceed  30  Iba,  per  square  inch,  the  diameter  of  the  pistoa  rod  ma; 
be  made  equal  to  one-tenth  that  of  the  cylinder. 

It  now  remains  to  deacribe  the  various  kinds  of  cross-heads  com 
monly  used  with  the  piston  rods  of  steam-engines.  Some  of  thesi 
are  shown  in  Fig.  73.  A  B  are  elevations  of  a  cross-head  com 
monly  used  when  the  piston  rod  is  immediately  jointed  lo  ih 
connecting  rod.  In  the  sketches,  a  shows  the  p^trem-ij  of  th 
piston  rod,  which  is  passed  into  the  tubular  part,  c,  of  the  cross 
head,  where  it  is  firmly  fixed;  above  this,  the  cross-head  is  forked 
in  order  to  admit  the  extremity  of  the  connecting  rod,  and  th 
forked  ends  have  cylindrical  apertures,  h,  bored  through  them  b 
receive  the  pin,  which  joins  the  piston  rod  lo  the  connecting  rod 
c  and  D  are  elevations  of  a  cross-head  used  with  beam  engines 
the  part  c  is  perforated  and  traversed  by  the  extremity  of  thi 
piston  rod,  h;  a  a  are  gudgeons,  which  carry  the  extremities  of 
links  connecting  the  piston  rod  with  the  main  beam.  Whet 
no  links  are  used,  as  in  the  case  of  the  half-beam  engine,  eithei 
the  end  of  the  beam  or  the  cross-head  may  be  forked,  a  movabli 
pin  being  used. 

At  Fig.  7i,  A  is  an  elevation  of  a  cross.head  used  for  sidc-levei 
engines;  a  is  the  extremity  of  the  piston  rod,  which  is  passed  int( 
the  perforation,  b,  of  the  cross-head  ;  c  c  are  the  two  arms  of  tht 
cross.head,  and  d  d  two  gudgeons  which  carry  the  extremities  of 
links,  which  descend  to  the  side  levers  or  beams  placed  upon  eacl 
side  of  the  steam-cylinder.  C  and  D  show  two  kinds  of  cross' 
heads  used  when  the  piston  rod  is  jointed  direct  on  to  the  crank 
as  is  the  case  in  oscillating  engines,  a  is  the  piston  rod,  b  tht 
jMtrforated  part  of  the  cross-head  c  and  d,  plummer-block  and  cap 
of  the  cross-head,  e  aperture  for  crank-pin,  which  is  surrounded 
by  brass  bearings  as  shown.  The  cross-heads  aie  joined,  whert 
necessary,  by  bolts.  The  plummer-block  and  cap  of  C  are  in 
qnently  made  of  gun-meta!,  when  no  brass  bearings  will  b« 
required. 
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Tn  the  former  figure,  C  is  very  similar  to  a  kind  of  cross-liearl 
used  in  some  kinds  of  locomotive  and  other  engines.  The  square 
poj-t  of  the  cross-head  is  provided  with  small  ridges  or  guides,  as 
shown  by  the  dotted  lines,  parallel  to  the  piston  rod;  this  block 
mo-ves  between  accurately  formed  guides,  and  the  protruding 
Joizimals,  a  a,  carry  the  ends  of  a  forked  connecting  rod.     This 


Fig.  74. 


a^umzz:^ 


[m 


c^oashead  is  sometimes  placed  at  the  extremity  of  the  piston 
"^1  and  sometimea  elsewhere ;  the  square  part  is  called  the  guide- 
block. 

The  cross-head  shown  at  a  penerally  has  the  connecting-rod  pin 
P*"olonged,  guiding  blocks  being  carried  at  its  extremities,  which 
™'^ve  between  suitable  guides. 

These  are  the  general  forma  of  cross-heads,  and  with  regard  to 
*"eir  construction,  we  may  make  the  following  brief  remarks, 
"nenever  it  is  convenient,  tbey  should  be  of  wrought-iron,  and 
*'*  the  round  parts  must  be  turned,  the  flat  ones  planed,  and  the 
'*®*''ing8,  whether  sliding  or  revolving,  accurately  fitted  to  each 
"'"Cr,  by  scraping  in  the  usual  manner.  Tliose  parts  which  .tr^ 
10 
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of  irregnlar  form  mast  be  brought  up  to  a  briglt  surfnce,  '05 

means  of  files  of  suitable  forms. 

Having  completed  the  dcscripliona  of  cross-heads,  oonnocling 
rods  and  parallel-motion  links  will  next  occupy  our  atlendoa. 
We  will  first  describe  tbe  former  class  of  clemenis. 

A,  Fig.  7B,  sliows  a  form  of  connecting  rod,  commonly  used  for 
engines,  where  the  piston  rod  is  joined  on  to  the  connecting  rod  ; 
it  consists  of  a  spindle  a,  having  at  each  end  bearings  lb.  rcuincl 
m  position  by  straps  fixed  by  wedges  and  keys  pas-sing  through 
them,  and  through  the  extremities  of  the  spindle.  Of  these  straps 
and  bearings  we  will,  however,  speak  aubsetiuently.  B  shows  a 
connecting  rod  of  the  forked  description,  as  used  with  tbe  single 
guide-block.  This  is  also  furnished  with  bearings  similar  to  those 
last  described. 


C  shows  an  elevation  of  a  connecting  rod,  frequently  used  for 
tieam  engines ;  it  is  broken  off  to  save  length,  the  upper  and  lower 
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extremities  nnly  bting  shown,  a  is  a  vouni\  i^pmUc  for  wrougbt- 
iroD.  but  of  an  x  section  as  sbown,  by  the  dotted  lines  for  cast- 
iron.  At  1 6  are  two  bearingH,  similar  to  those  already  mentioned. 
which  embrace  the  journals  of  a  pin  in  ttie  mainbcam ;  c  is  the 
cmnk-piu  bearing,  and  is  of  peculiar  form,  presently  to  be 
described.  D  shows  bearings  of  the  first  class,  a  being  tlie  cnil  of 
the  connecting  rod,  h  the  strajja,  cf  elevation  and  plan  of  brass 
bearings.  E  shows  the  second  kind  of  bearing  as  mentioned  in 
connection  with  the  beam-engine  conncutiug  rod;  a  is  the  ex- 
tremity of  the  connecting  rod,  into  which  bearings  b  and  c  are 
placed,  after  which  tlicy  are  passed  over  the  crank  pin,  and  tight- 
ened up  by  the  wedge  dotted  at  a. 

AS'ith  regard  to  the  construction  of  connecting  rods,  there  is  but 
little  to  be  said.  Wrought-iron  is  the  best  material  to  use  for 
their  formation.  The  parts  may  be  wrought  in  the  same  manner 
as  that  describeij  for  tlie  cross-heads;  all  tlie  liearings  should  be  of 
brass  or  gun-metal,  and  must  be  accurately  fitted  to  the  gudgeons 
on  which  ihey  play.  The  method  of  connecting  them  to  the  other 
elements  will  be  mentioned  hereafter. 

We  have  now  to  consider  the  construction  of  links  for  parallel 
motions,  4;c.  Many  of  them  are  precisely  similar  in 
general  fcirra  tu  those  already  described;  some  have, 
however,  diftereot  forms,  as  shown,  Fig.  76.  a  may 
be  aaid  to  consist  of  a  long  strap,  into  which  two  seta 
of  bearings,  furnished  with  ridges  to  guide  them,  are 
placed  and  keyed  up  light,  being  retained  at  their 
proper  distances  by  means  of  a  strut  or  distance  piece, 
as  shown,  h  shows  the  extremity  of  a  link  which  ia 
bored  out  at  the  end  larger  tiian  the  bearings  which 
are  inserted,  placed  around  the  journal,  on  which 
they  are  intended  to  work,  and  keyed  up  light. 

The  construction  of  links  is  identical  in  its  details 
with  that  of  connecting  rods.  Before  concluding  the 
subject,  it  may  be  desirable  to  mention  the  fact,  that 
links  requiring  three  bearings  are  frequently  made 
^•^^  as  a  combination  of  the  two  forma  illustrated  above, 
the  complete  link  being  surmounted  by  a  bearing 
extremity,  as  shown  by  the  dotted  lines. 

Tlis  next  subject  to  be  mentioned,  consists  of  parallel  motions. 


Pig.  76. 
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one  cla33  of  which  consists  of  elements  alreaiiy  described,  anottier 
also  has  been  mentionei],  whieh  consista  merely  of  guides  between 
which  slide-blocks  move  in  a  reotilineai  direction,  having  a  recip- 
rocating motion. 

Another  method,  which  is  attended  bj  results  of  a  very  satis- 
factory  character,  consists  in  prolonging  tiie  piston  rod  beyond  the 
cross-head,  and  carrying  its  extremity  in  a  piece  of  metal,  bored 
out  cylindrically  to  such  a  diameter  as  to  allow  it  to  more  freely 
within  it.  Wlien  this  method  is  employed,  tlie  piston  rod  should 
be  made  somewhat  stronger  than  usual,  as  it  will  then  have  to  eai- 
tain  the  stress  due  to  the  varying  angularity  of  the  connecting  rod. 

The  beam  next  requires  attention.  It  is  an  element  simple  in 
its  form,  and  will  require  but  little  description.  An  elevation  of 
an  ordinary  beam  is  shown  Fig,  77.  a  is  a  gadgeon,  upon  wbich 
the  beam  is  supported;  b  that  to  which  the  piston  rod  is  attached; 
c  that  carrying  the  connecting  rod;  d  and  e  are  other  gudgeons, 
■whici)  serve  for  the  support  of  pump  rods,  &c.  Beneath  the 
elevation  is  shown  a  plan  of  the  beam. 

This  beam  will  l>e  used  with  a  forked  connecting  rod,  &c. ;  but 

at/  is  shown  a  plan  of  the  end  of  a  forked  beam,  such  as  is  used 

Fig,  77. 


^- 


_S_ 


in  side  Jever  and  grasshopper  engines.     At  g  is  shown  a  section  of^^ 
the  beam,  taken  through  i  / 

The  proportions  generally  adopted  where  no  special  circum 

Btances  prevent  their  employment,  are,  for  the  various  elementi^^ 
now  described,  a»  follows : — 
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The  stroVe  of  the  piston  should  be  twice  the  diameter  of  the 
cylintJer  to  get  tho  least  cooling  surface  of  steam-cylinder  The 
beam  should  be  three  times  the  length  of  the  stroke,  and  its  depth 
at  centre  shorild  be  erinal  to  the  diameter  of  the  cylinder.  The 
connecting  rod  should  be  from  twice  to  thrice  the  lengtli  of  th6 
stroke. 

The  rule  to  calculate  the  thickness  of  tho  beam  at  tho  centra 
will  be  as  follows : — 

Let  n  =  maximum  pressure  per  square  inch  on  the  piston,  D  = 
diameter  of  cylinder  in  inches,  d  ^  depth  of  beam  in  inches,  I  = 
length  of  half  beam  in  feet,  (  ^  tluoknesi'  in  inches.     Then 

<  =  o.02,WJl>}- 

but  if  the  foregoing  proportions  be  used, 

hence 

(  =  0-02  i>  I 
The  method  of  applying  this  calculation  to  half  beams  is  obvioua 
for  we  have  only  to  take  for  the  value  of  /  the  distance  beiwcco 
the  conires  of  the  gudgeon,  which  carries  the  top  of  the  piston  rod, 
and  that  by  which  the  connecting  rod  is  carried. 

The  beam  is  usually  made  of  east-iron,  and  the  manipulations 
to  which  it  is  suliject  after  leaving  the  foundry  are  not  of  a  very 
extensive  character,  for  all  that  remains  to  be  done  consists  in 
boring  the  apertures  to  receive  the  gudgeons,  and  fitting  the  Utter 
lo  tbe  beam.  A  favorable  opportunity  now  oflers  itself  to  con- 
aider  the  means  employed  for  fixing  cylindrical  elements  to 
nylindricul  apertures,  when  it  is  necessary  that  they  be  incapable 
of  movement.  Fig,  78  ebows  a  section  of  shaft  upon  which  it 
is  required  to  fix  a  cylindrical  band  or  boss  immovably;  t  ia 
the  shaft,  and  o  6  c  is  tbe  boss.  It  is  bored 
to  fit  with  accuracy  tbe  shaft  which  has  been 
previously  turned,  and  in  both  the  boss  and 
the  shaft  certain  slots  are  made  to  admit  keys 
dddd,  which  keys  prevent  the  shaft  from 
revolving  within  the  boss.  The  method  now 
described  is  that  generally  used  for  fixing  the 
gudgeons  of  beam  engines.  There  are  other 
mt^bods  of  fixing  bosses  upon  shafts,  but  these  will  subsequently 


Fig.  78. 
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The  form  of  lljese  pins  or  gudgeooa,  and  in  fact  of  joamals 
generally,   now  requires  attention.     In  Fig,  79  a  represents  an 
elevation  of   a   gudgeon  fir   a   beam, 
''^-  '  Tlie  central  part  h  doea  not  in  every 

case  require  to  be  turned ;  but  iLo 
journals  c  c  must  bo  accurately  brought 
to  the  required  form ;  rf  represents  the 
genera]  form  of  journala.  The  part  e 
must  be  accurately  turned,  as  it  will 
work  in  contact  with  the  bearings. 
The  other  parts  of  the  shaft  are  also 
turned,  although  accuracy  of  form  ia 
not  necessary  on  the  general  surface. 
The  next  matter  to  be  considered  ia  the  form  of  bearings  gener- 
ally, and  these  are  shown  in  Fig.  80. 

1  is  a  solid  block  of  cast-iron,  having  on  its  upper  side  a  rect- 
angular noluh  or  reccsw  r  it  is  called  a  plummer  block.  This  is 
surmounted  by  a  cast-iron  cap  b,  having  in  its  lower  snrfaoa  a 
semicircular  notch.  The  two  are  connected  by  holts,  as  shown. 
The  general  form  of  this  arrangement  will  at  once  be  recognised 
from  the  genend  resemblance  which  it  beara  to  some  for( 
of  jiiston-rod  cross-heads.  Between  the  plummer 
block  and  cap,  brass  or  gun-metal  bearings  are 
placed,  of  which  sections  are  shown  at  d  and  e,  e 
is  first  placed  in  the  plummer  block,  d  is  placed 
upon  it,  and  then  the  cap  b  is  bolted  down  to  the 
plummer  block.  The  bearings  are  furnished  with 
llanges,  to  prevent  their  sliding  away  from  their 
proper  position.     At  /  is  shown  a  vertical  section  U/^d 

through  the  plummer  blocks  and  bearings,  which 
shows  the  general  arrangement.  The  bearings  are 
usually  bored  out  accurately,  and  subsequently 
lifted  to  t!ie  journala,  which  they  are  intended  to 
sustain,  by  scraping. 

Various  forms  of  plummer  blocks  and  bearings 
are  uaed,  but  the  one  described  will  convey  a 
general  idea  of  the  principle  iuvolved  in  their  conatruction. 

Next  to  the  beam  comes  the  connecting  rod;  but  the  varioa* 
forms  of  this  element  have  already  been  considered. 


izea 


Fig.  80, 
h 
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The  crank  now  requires  attention,  with  regard  to  general  form 
and  construction;  the  theory  of  its  action  having  been  already 
treated.  Fig.  81  shows  the  general  form  of  one  class  of  cranks, 
viz.,  those  which  are  not  made  in  the  piece  with  the  crank  shafl. 
Il  is  desirable  to  use  this  form  whenever  it  is  available  for  small 
engines.  Cast-iron  cranks  are  not  unfrequently  used,  but  wrought- 
vn  is  certainly  preferable,  and  no  other  material  should  be  allowed 


1  the  construction  of  engines  of  considerable  size.  Cranks  for 
nferior  purposes  are  very  frequently  made  by  bending  the  crank 
abaft  to  the  required  form;  but  this  method  does  not  yield  results 
of  80  satisfactory  a  character  as  that  which  consists  in  forging 
upon  the  crank  shaft  a  solid  projection,  and  subsequently  cutting 
out  the  aperture  of  the  crank. 

When  separate  cranks  are  used  they  moat  be  planed  on  the 
surfaces,  and  then  bored  accurately  to  receive  the  shaft  and  the 
crank  pin.  In  the  figure,  a  shows  the  aperture  for  the  shaft,  and 
b  that  for  the  crank  pin.  In  fixing  cranks  upon  the  crank  shaft, 
keys  will  be  found  advantageous;  but  it  is  also  advisable  to 
employ  the  method  known  as  shrinking  on,  which  consists  in 
beating  the  crank  bo8s  until  it  will  just  pass  into  its  position, 
baTin>;  been  originally  bored  out  to  a  diameter  somewhat  leas  than 
that  of  the  shaft  on  which  it  is  to  be  fixed.  Then  it  is  placed  upon 
the  shaft  in  the  required  position,  and  allowed  to  cool,  whereupon 
it  takes  a  firm  grip  of  the  shaft. 

The  next  element  to  which  the  reader's  attention  will  be  called 
is  the  crank  shaft  or  main  shaft  of  the  engine,  and  the  first  step 
towards  the  construction  of  the  same  will  consist  in  calculating  its 
diameter,  whiuh  may  he  eHi^ted  by  the  following  formula: — 
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Let  d  =  diameter  of  shaft  in  incbes. 

H  =  horse-power   of  engine,   calculated   for  ibe   maximui 

pressure. 
N  =!  numbei'  of  revolutions  per  minute   performed  by  the 

engine. 
Then  the  diameter  may  be  found  from  the  equation — 


8   1320 


H 


This  calculation  applies,  of  course,  to  the  smallest  part  of  the 
Bhaft,  which  will  generally  be  the  journal.     The  general  form  of 
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the  crank  shaft  may  now  be  described.  In  Fig,  82  three  forms  of 
crank  shaft  are  shown,  and  the  Urst  form  will  also  senre  to  illus- 
trate another  arrangement. 

a  b,  Eig.  62,  shows  two  portions  of  a  crank  shaft,  fitted  witb  two 
cranks,  e  e/d,  carrying  a  crank  pin,  c  d.     Close  behind  the  cranks, 
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juumals  are  turned  upon  the  sliafts,  whicb  rest  in  the  shaft  bear- 
inys.  Beneath  is  shown  the  form  of  the  crank  pin,  which  may  be 
Becurtd  by  wedgea  driven  through  the  small  bosses  of  the  cranks. 
If  we  conceive  the  part  J/ 5  to  be  removed,  then  will  ae  c  repre- 
sent the  arrangement  used  in  engines  having  but  one  crank. 
g  ijh  represents  a  crank  shaft  having  the  crank  forged  in  one 
{liece  with  it,  and  I  f»  shows  a  ahali  where  the  crank  is  forged 
upon  it ;  but  instead  of  having  vertical  arms,  as  in  the  last  case, 
they  are  curved. 

With  regard  to  the  construction  of  the  crank-shaft,  we  may 
observe  that  it  is  usual  to  bring  it  up  to  a  bright  surface,  turning 
those  parts  which  admit  of  such  treatment,  and  planing  and  filing 
others.  In  turning  the  crank-pins  in  such  arrangements  as  those 
shown  by  g  h,  sofUo  particular  method  of  centring  the  shaft  must 
be  adopted.  The  dotted  lines  at  each  extremity  show  carriers,  in 
which  centres  are  made  in  a  line  with  the  axis  of  the  crank-pin, 
and  between  these  centres  the  work  is  supported  in  the  lathe, 
the  carriers  being  properly  blocked  to  retain  them  in  the  proper 
positions. 

The  bearings  of  the  crank-shaft  are  usually  of  the  form  already 
described  when  treating  of  those  employed  for  the  support  of  the 
working  beam. 

Those  elements  which  are  carried  by  the  main  shaft  will  next 
require  attention,  and  the  first  which  occurs  after  the  crank  is 
generally  speaking,  the  ecceutrie.  This  consists  of  a  wheel  op 
pulley  of  a  truly  circuhir  form,  hut  fixed  upon  the  shaft  eccen- 
trically to  it ;  and  it  may  be  supposed  to  be  produced  by  increas- 
ing the  dimensions  of  an  ordinary  crank -pin  until  they  arrive  to 
ijuch  a  point  as  to  extend  in  every  direction  beyond  the  main  shaft. 
Fig.  83  illustrates  the  arrangement  of  the  eccentric  ;  a  is  the  main 
shaft  to  which  the  eccentric  is  keyed ;  h  is  the  eccentric  sheave, 
on  the  edge  of  which  is  a  groove  to  receive  a  band,  within  which 
the  eccentric  sheave  may  revolve.  This  band  corresponds  with 
the  cross-head  of  the  piston  rod  when  that  is  jointed  directly  on 
to  the  crank-pin.  The  band  is  made  in  two  parts,  cde  and  efCf 
which  are  connected  with  bolts  at  c  and  e.  At  /  is  a  socket  to 
receive  the  extremity  of  the  eccentric  rod,  which  is  firmly  keyed 
therein.  This  is  the  arrangement  generally  used  with  gun-metal 
straps.  Sometimes,  however,  it  is  I'ound  expedient  to  make  both 
sidea  of  the  strap  of  the  same  form  as  c  tie,  and  in  this  case  tha 
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eccentric  rod  is  forked,  aa  sbown  at  k,  and  tlie  extremity  of  each 
fork  ia  screwed  after  the  manner  of  a  bolt,  so  that  the  screwed 
anda,  being  passed  through  the  bolt-holea  at  c  and  e  and  furnished 
with  nuts,  supply  at  once  the  meana  of  connecting  the  two  halves 
of  the  strap  with  each  other  and  with  the  eccentric  rod. 


Fig.  83. 


It  frequently  happens  that  instead  of  gun-metal  straps,  othera, 
formed  of  wrongbt-iron,  are  employed,  and  in  this  case  the  eccen- 
tric rod  may  be  forged  in  one  piece  with  the  half  of  the  strap.  In 
other  cases,  however,  one  half  of  the  strap  is  made  as  shown  at  i, 
the  extremity  of  the  connecting  rod  being  of  the  form  shown  at  j, 
BO  33  to  admit  of  its  being  bolted  to  the  eccentric  strap. 

The  eccentric  rod  may  be  jointed  direct  on  to  the  elide-Talve 
rod,  or  on  to  an  arm  attached  to  a  shaft  carrying  another  arm, 
from  which  a  slide-valve  is  worked. 

As  it  is  necessary  that  a  certain  advance  be  given  to  the  eccen- 
tric over  the  crank,  in  order  to  insure  the  direction  of  the  engine'* 
mution,  some  peculiar  arrangement  must  be  provided  in  those  en- 
gines which  occasionally  require  to  be  reversed. 

There  are  two  forms  of  re  versing- gear  in  common  use:  one 
generally  employed  for  paddle-wheel  engines,  and  the  other  for 
Bcrew-propeller  and  locomotive  engines.  The  former,  however, 
shall  be  first  described. 

Fig.  84  represents  the  ordinary  single  eccentric  reversing  ai* 
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rangerocnt  In  tliis  case  the  eccentric  is  not  keyed  on  to  tlie  shaft, 
but  so  arranged  thai  the  latter  is  capable  of  revolving  free  within 
it.  (1  ic  is  the  eccentric,  which,  in  order  to  prevent  its  falling  to 
the  bottom  of  the  stroke  by  its  own  weight,  is  counterbalanced  by 
tbe  weight  /  so  that  the  ecccntrio  may  remain  in  any  position 


wbile  the  shaft  revolves.  Upon  the  shaft  is  bolted  a  segmental 
oollar,  e  e,  either  extremity  of  which  coming  in  contact  with  the 
inner  part  of  the  balance  weigbt_^  which  is  bolted  to  the  eccentric, 
will  propel  the  latter.  If  we  suppose  the  engine  to  be  stopped, 
and  the  slides  moved  by  baud  to  such  a  position  as  will  cause  the 
engine  to  start  in  a  direction  contrary  to  that  in  which  it  was  nin- 
niog,  the  segment  at  collar  e  will  retire  from  the  balance  weight  on 
one  side,  and  having  performed  a  portion  of  a  revolution,  will  come 
in  contact  with  it  on  the  other  side,  and  cause  the  eccentric  to  re- 
volve with  the  shaft ;  after  which  the  motion  of  the  engine  will 
continue  uniform  until  some  further  adjustment  is  made. 

It  is  however  necessary  to  provide  some  means  whereby  the 
eccentric  rod  may  be  temporarily  disconnected  from  the  slide-valve 
gear,  in  order  that  the  latter  may  be  moved  by  hand  to  the  position 
necesHary  to  reverse  the  motion  of  the  engine.  The  lower  part  ol 
tbe  ecoentric  rod  arranged  fur  this  purpose  is  shown  at  h  t.     At  i 
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IS  a  piE  attached  to  a  lever  acting  on  a  way  shaft  to  vrticli  the 
limbs  by  which  tlie  slide  is  moved  are  attached.  This  pia  gears  in 
a  notch  or  gab  in  the  extremity  of  the  eccentric  rod,  which  is 
called  the  gab  lever.  Behind  this  pin  the  gab  lever  is  perforated 
and  a  strip  of  metal  inserted  aa  shown  at  L  Now  it  is  evident  thai 
if  this  strip  of  metal  be  forced  forward,  it  will  fill  np  the  notch, 
forcing  the  pin  out  of  it,  thereby  disengaging  the  valves ;  nor  will 
the  pin  be  able  to  re-enter  the  notch  until  the  strip  of  metal  is 
withdrawn.  AH  that  is  now  required  is  the  means  of  acting  this 
strip  of  metal,  and  such  means  are  famished  by  the  lever  shown. 
It  is  fixed  on  a  fulcrum  at  k ;  the  lower  extremity  is  attached  to 
the  strip  of  metal,  and  the  upper  one  to  a  handle  h,  which  passes 
through  the  gab  lever.  It  is  evident  that  by  pushing  the  handle 
towards  the  gab  lever  the  engines  are  thrown  out  of  gear ;  whereas 
by  pulling  the  handle  from  the  gab  lever,  the  engines  are  allowed 
to  fall  into  gear.  Some  means  must  of  course  be  provided  to  retain 
the  handle  h  in  position,  but  these  are  obvious.  It  is  evident  that 
the  sliding  piece  may  be  made  in  one  with  the  lever,  instead  of 
being  jointed  to  it  as  we  have  described.  In  some  cases  the  stop 
is  dispensed  with,  and  the  gab  lever  is  raised  when  necessary  by 
means  which  may  be  rendered  more  clear  by  Fig.  85.     a  &  is  the 


8;ab  lever,  c  the  pin  communicating  with  the  slide-valves,  rf  is  a 
short  shaft  on  which  is  an  arm,  de,  carrying  at  the  extremity  e  a 
pulley  close  under  the  gab  lever.  To  the  short  shaft  is  also  at- 
tached an  arm,  df,  having  a  link,  part  of  which  is  shown  at  /, 
attached  to  it.  Now  it  is  evident  that  by  moving  the  link  g  f  m 
the  direction  indicated  by  the  arrow,  the  gab  lever  will  be  raised 
clear  of  the  jiin  c.  The  other  class  of  reversing  gear  now  requires 
attention.  The  arrangement  already  described  is  evidently  inap- 
propriate to  locomotive  and  other  high-speed  engines,  as  it  would 
rapidly  be  destroyed  by  the  vibratory  action,  even  if  it  were  pos- 
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mble  to  work  with  it.  Hence,  in  engines  of  this  clasa  we  find  that 
two  eccentrics  have  generally  been  used,  one  for  the  forward  mo- 
tion and  one  for  the  backward  motion,  either  of  the  eccentrics 
being  capable  of  being  put  into  gear  with  the  valves.  In  the  first 
instance  the  extremities  of  the  eccentric  rods  were  furnished  with 
forks,  which,  by  an  ingenious  but  complicated  arrangement,  were 
worked  to  gear  with  the  sUde  in  such  a  manner  thai  when  one  fork 
was  in  gear  the  other  was  out,  so  that  either  eccentric  could  be 
brought  into  action,  according  to  circumstances.  This  arrange- 
ment has  however  been  long  since  superseded  by  that  beautii'ul 
contrivance  known  as  the  link  motion,  which  will  now  be  de- 
scribed with  the  assistance  of  Fig.  86. 

Let  a  be  the  forward  eccentric,  that  is  to  say,  the  eccentric  which 
is  set  to  give  the  engine  a  forward  motion,  and  let  h  be  the  back- 
ward eccentric.  The  lower  extremities  of  the  eccentric  rod  are  at- 
tached to  a  link,  c  d,  within  which  is  a  block  connected  with  a  sUde 

Fig.  86. 


joA,  e.  To  the  back  of  the  link  is  attached  an  eye,  /,  from  which 
a  link  proceeds  to  the  end,  rf,  of  an  arm,  carried  by  a  short  shaft, 
J,  which  shaft  has  also  an  arm,  g  h ;  and  to  the  extremity,  k,  it  at- 
tached a  link  as  shown.  Now,  it  is  evident  that  by  moving  this 
liuk  IE  the  direction  of  the  arrow,  the  link  c  H  will  be  raised,  and 
eliding  over  the  block  attached  to  the  slide  rod  the  latter  will  be 
bronght  under  the  control  of  the  eccentric  b.  By  a  reverse  method 
it  will  be  brought  under  the  action  of  the  eccentric  a.  It  is  not 
necessaiy  that  the  block  should  be  quite  at  the  end  of  the  link 
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but  it  may  be  at  somp  intermcdiftte  point,  and  by  adjusting  thiB 
poaition  the  quantity  of  Btoam  admitted  to  tie  cylinder  is  also 
adjusted. 

In  some  cases  tbe  link  cd  is  suspended  from  a  fixed  point,  and  a 
connecting  rod  is  then  jointed  to  the  slide  rod.  and  the  extreraity 
of  this  connecting  rod  is  attached  to  a  movable  link,  d/.  Thia 
arrangement,  known  aa  the  link  motion,  is  in  the  locomotive  en- 
gine worked  by  a  band-lever,  but  in  screw  engines  it  ia  very 
commonly  reguhted  by  a  hand-wheel.  Having  disposed  of  the 
eccentric  whereby  the  slide-valve  is  worked,  a  deseription  of  the 
means  of  working  the  expansion-valvo  is  necessary.  Thia  is 
effected  by  means  of  cams,  of  which  the  arrangement  ia  showTi 
Fig.  87.  a  is  the  main  shaft,  b  the  boss  upon  which  various 
cambers  are  placed  side  by  side,  in  positions  corresponding  to  the 
points  at  which  it  may  be  required  to  cut  off  the  steam ;  e  ia  a 
roller  which  rests  against  any  one  of  tbe  cams,  as  may  be  required; 
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it  19  carried  at  the  extremity  of  an  arm  attached  to  a  short  shaft,  /. 
The  roller  will,  twice  during  every  revolution,  that  is,  once  in 
every  stroke  of  the  engine,  be  forced  back  by  the  cam,  whereby 
the  link  g  h  will  be  raised,  and  the  expansion-valve  shut  The 
roller  is  moved  horizontally  to  bring  it  under  the  action  of  any 
cam  by  means  of  a  screw  worked  by  a  handle  eye,  which  screw 
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carries  a  Tork  or  guide,  embracing  the  pulley  e.  Of  course  the 
pulley  must  only  be  shifted  when  resting  on  the  plain  part  of  tho 
bosB  b.  Anotlier  view  of  the  expansion  cam  arraugement,  show- 
ing tlie  edges  of  the  cambers,  ia  seen  at  j. 

With  regard  to  the  construction  of  eccentrics  and  cams,  it  only 
remains  to  be  observed  that  the  moving  parts  must  be  very  accu- 
rately fitted  to  each  other  by  the  usual  means,  and  the  other  parts, 
with  the  exception  of  the  sides  of  the  eccentrics,  be  brought  up  to  _■ 
bright  fiurikces  by  turning,  planing,  and  filing.  With  regard  to 
the  construction  of  the  fly-wheel  there  is  but  little  to  be  said.  Ii 
is  usually  of  cast-iron,  in  one  or  more  pieces,  according  to  circum- 
stances. It  is  bored  out  accurately,  and  firmly  keyed  on  to  the 
crank  shaft,  and  if  very  heavy  it  should  have  liearings  to  the  shaft 
on  each  side.  We  have  known  cases  in  which  the  fly-wheel  was 
retained  in  position  by  a  screw  running  through  tho  boss  of  the 
wheel  into  tho  shaft ;  but  this  is  a  clumsy  arrangement,  and  may 
give  rise  to  much  difficulty  if  it  is  required  at  any  time  to  remove 
the  fly-wheel  from  the  shaft. 

It  is  very  advantageous  in  many  cases  to  make  the  wheel  with 
a  cast-iron  boss  or  rim,  and  with  wrought-iron  arms,  which  may 
readily  be  done  by  imbedding  bars  of  wrought-iron  in  the  moiJd 
previous  to  casting  the  metal,  which  will  then  envelope  the  ex- 
tremities of  the  arms,  and  in  cooling  it  will  firmly  grip  them,  and 
the  hold  may  be  increased  by  notching  the  extremities  of  the  anna 
previous  to  placing  them  in  the  mould. 

Those  elements  called  governors,  next  require  attention ;  and  of 
these  a  very  great  variety  have  been  produced.  They  may,  how- 
ever, be  arranged  under  two  heads,  viz.,  those  which  have  for 
their  principle  the  equilibrium  of  the  force  generated  by  tho 
Telocity  of  the  engine  with  some  external  force,  and  those  which 
regulate  the  admission  of  steam  in  proportion  to  the  resistance 
which  the  engine  has  to  overcome.  In  the  first  class  we  have  the 
conical  pendulum  or  common  two-ball  governor,  in  which  the 
centrifugal  force  is  balanced  by  the  attraction  of  gravitation ;  we 
have  also  in  this  class  other  varieties,  some  with  two  and  some 
with  four  balls,  in  which  the  centrifixgal  force  is  resisted  by  the 
elasticity  of  a  helical  spring;  and  among  these  Silver's  four-bal^ 
Bmrine-engine  governor  stands  forth  pre-eminently  for  practical 
ntility. 
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Plitte  XIT.  represents  a  number  of  governors  to  which  our  a 
tention  has  been  lately  directed  eapecially  in  order  to  detenains 
the  relative  values,  or  rather  the  relative  delicacies  of  irarioua 
kinds.  Fig.  1  represents  the  commonest  form  of  governor,  which 
consists  of  two  balls,  so  arranged  that  at  a  given  velocity  the 
amount  of  steam  admitted  to  the  engine  is,  upon  certain  dati, 
sufficient  for  the  work  it  has  to  perform.  It  is  however  no  diffi- 
cult matter  to  show  that  this  arrangement,  in  common  with  others 
of  the  first  class,  gives  results  far  from  accurate.  For  instance,  let 
ua  suppose  that  an  engine  is  supplied  with  steam  of  uniform  pres- 
sure, and  that  it  is  working  at  a  certain  given  velocity,  which 
velocity  it  is  required  to  maintain,  with  very  slight  variations. 
Let  U3  suppose  that  the  entrincs  to  which  we  refer  are  employed 
to  drive  the  machinery  in  the  works  of  a  mechanical  engineer; 
then  they  will  be  subject  to  constant  variation  of  work  to  be  done, 
ftnd  if  it  is  imagined  that  some  extra  machine,  say  a  circular  saw, 
is  thrown  into  gear  with  the  engine,  more  power  will  be  required 
to  do  tlio  work  of  the  establishment ;  hence  the  steam-pipe  must 
aftbrd  a  wider  passage  to  the  steam,  which  of  course  cannot  be 
done  but  by  opening  wider  the  valve  which  is  controlled  by  the 
governor.  Thus,  for  instance,  to  take  an  example,  if  we  require 
one-tenth  more  power,  we  must  absorb  an  equal  additional  quantity 
of  steam,  or  the  valve  must  be  opened  so  as  to  give  so  much  more 
area  of  steam -passage,  the  amount  of  friction  on  the  sides  of  the 
steam-paasage  being,  on  this  occasion,  omitted.  It  is  unnecessary 
to  encumber  our  space  with  the  exact  calculation  of  this  matter, 
but  it  is  very  simple,  requiring  only  the  most  elementary  prin- 
cioles  of  plane  trigonometry  for  its  solution;  hence  we  feel  justified 
in  omitting  it.  Wc  may  however  observe,  that  the  width  at  any 
point  of  real  steam-passage  will  vary  very  neariy  as  the  verse  sine 
of  tae  angle  described  by  the  valve  from  the  position  at  which  the 
flteam  is  shut  off,  and  this  verse  sine  will  vary  but  slightly  for 
considerable  angular  variation,  until  the  angle  described  amounts 
to  about  45° ;  hence,  when  the  throttle -valve  is  but  slightly  open. 
and  any  considerable  amount  of  extra  work  is  thrown  ujmn  the 
engine,  a  very  considerable  angular  deviation  of  the  throttle -valve 
will  be  requisite  in  order  to  aflbrd  sufficient  area  of  steam-way, 
and  to  obtain  such  deviation  the  governors  must  of  necessity  nol- 
lapse  to  a  notable  extent,  and  remain  in  such  position,  for  t 
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•n&intenRnce  of  wLich  a  reduced  velocity  of  the  engine   is  in- 
'lispen  sable. 

Fig.  2  represents  a  form  of  governor  in  which  the  elastic  resist- 
ancie  of  a  epring  is  emplojed  in  the  place  of  gravity ;  hence  this 
apparatus  may  be  used  in  positions  deviating  from  the  vertioal,  or 
in  other  words,  the  plane  of  revolution  of  the  balls  need  not 
necessarily  be  horizontal,  which  position  is  the  only  one  in  which 
the  common  governor  is  efficient. 

Similar  in  action  to  the  last  described  governor  is  Silver's  marine 
governor,  but  the  disturbing  effects  produced  by  variation  of  posi- 
tion, are  still  further  obviated  by  the  employment  of  four  balls  in- 
stead of  two. 

Figs.  3  and  4  are  illustrative  of  governors,  in  which  the  centri- 
fugal force  is,  as  in  the  last  case,  opposed  by  the  elasticity  of  the 
spring,  but  these  forma  have  been  illustrated  for  the  purpose  of 
comparing  them  with  each  other ;  for  although  at  the  first  glance 
it  may  appear  very  different,  yet  they  are  but  modifications  of  one 
form,  being  identical  in  principle.  In  Fig.  3  we  have  the  balls  at- 
tached to  the  ends  of  bent  levers,  a  «,  to  the  other  extremities  of 
which  are  jointed  links,  a  b,  attached  to  a  sliding  collar,  b  6,  which 
ia  in  comiection  with  a  spiral  spring  placed  around  the  main  spindle 
of  the  governor ;  c  c  are  the  fulcra  of  the  bent  levers.  Now,  it  is 
evident  that  we  may  alter  the  angle  a  e  a  without  destroying  the 
princi]ile  of  the  apparatus.  Let  us  suppose  that  the  two  arms  of 
Iho  bent  lever  are  made  parallel  and  of  equal  length,  then  we 
arrive  at  the  form  shown  Fig.  4,  which  also  presents  many  points 
of  similarity  with  the  form  shown  at  Fig.  2,  and  it  remains  for  us 
Vi  determine  which  ia  the  more  delicate,  that  is  to  say,  in  which 
governor  the  greatest  effect  upon  the  valve  will  be  produced  by  a 
given  degree  of  variation  of  velocity. 

In  order  to  satisfy  ourselves  on  this  point,  it  is  not  necessary  to 
havo  recourse  to  intricate  methods  of  analysis,  for  it  is  a  matter  of 
i\i9crvation  that  in  Fig.  3  the  balls  must  become  horizontal  before 
lliey  can  cease  to  have  further  effect  upon  the  spring;  or  in  other 
words,  so  long  as  the  centrifugal  governor  can  be  used,  the  desired 
effect  will  be  pro<luced  by  this  form ;  whereas  in  the  form  shown 
in  Fig.  4,  as  soon  as  the  arms  of  the  governor  have  risen  to  an 
angle  of  about  40  degrees  to  the  horizon  further  action  becomes 
impoe&ihle,  as  the  links  a  b  will  then  permit  of  no  ^irUlcr  sepat:^ 
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tion  of  the  balls ;  and  the  delicacy  of  this  apparatus  in  every  poB- 
tion  is  equally  inferior  to  that  of  the  arrangement  illustrated  in 
Fig.  3. 

The  foregoing  examples  of  the  first  class  of  govcrncra  illustntto 
the  principles  of  a  great  variety,  but  it  would  be  useless  to  atterapi 
to  give  any  complete  account  of  all  the  various  forms  which  have 
been  brought  forward ;  we  may,  however,  observe,  that  in  some 
instances  the  resistance  which  is  afforded  by  gravity  or  helical 
springs,  in  the  cases  described  above,  is  supplied  by  the  resistance 
of  the  atmosphere  to  revolving  vanes,  or  by  the  resistance  of  a 
fluid  to  vanes,  or  to  a  screw  revolving  in  it. 

Figs,  5  and  6  are  illustrative  of  a  governor  of  the  second  class. 
Fig.  5  being  a  plan  of  the  arrangement,  and  Fig.  6  a  side  elevation 
of  a  portion  of  the  same.  This  contrivance  adjusts  the  quantity 
of  steam  admitted  to  the  engine  to  the  power  to  be  exerted ;  its 
arrangements  and  action  are  as  follows.  In  the  illustrations,  a  re- 
presents a  bevel  wheel,  to  which  the  power  of  the  prime  mover  is, 
in  the  first  instance,  transmitted ;  c  is  another  bevel  wheel  attached 
to  the  shaft,  from  which  the  power  is  transmitted  to  the  macliinerv 
to  be  driven,  a  third  bevel  wheel,  b,  serving  to  connect  the  two 
former  ones,  a  and  c.  The  wliet'l  b  runs  loose  ujion  the  turned  ex- 
tremity of  a  lever,  b  e,  which  has  its  fulcrum  at  ti  in  a  line  with 
the  axis  of  the  main  and  working  shafts,  ao  that  the  wheel  i  may 
revolve  about  the  centre  d,  without  being  thrown  out  of  gear  with 
a  and  c.  To  the  extremity  e  of  the  lever  b  e,  is  attached  a  rod, 
carrying  at  its  lower  extremity  a  piston  fitted  to  work  air-tight  in 
a  cylinder,  /;  the  upper  part  of  this  cylinder  is  closed,  containing 
condensed  air.  Let  us  now  suppose  that  the  wheel  a  is  caused  to 
revolve  in  the  direction  indicated  by  the  arrow,  then  it  is  evident 
that  if  the  resistance  offered  to  the  revolution  of  the  wheel  c,  be 
greater  than  that  offered  to  the  revolution  of  the  wheel  6  about  the 
centre  d,  then  will  the  latter  take  place,  the  wheel  b  descending; 
but  in  so  doing  it  will  necessarily  raise  the  extremity  e  of  the  lever 
e  b,  and  with  it  the  piston  in  the  cylinder  /,  by  which  the  air  above 
the  piston  will  be  still  further  compressed,  so  that  a  continually 
increasing  resistance  will  be  offered  to  the  descent  of  the  wheel  b, 
and  at  length  the  point  will  be  arrived  at  where  its  posit' on  with 
regard  to  the  centre  rf  remains  unaltered,  the  motion  imj  arted  to 
it  by  the  wheel  a  being  transmitted  to  that  at  r  on  the   ivorking 
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lihaft,  and  the  elevation  or  depressioQ  of  the  wticel  b  will  thus  be 
in  proportion  to  the  resistance  offered  by  the  machinery  to  be 
driven.  The  lever  e  6  is  so  connected  with  the  throttle  valve  of 
the  engine,  that  the  greater  the  elevation  of  the  piston  in  the  cyl- 
inder /,  the  greater  witl  be  the  quantity  of  steam  admitted  to  the 
working  cylinder  of  one  engine,  and  vice  versa ;  hence,  the  greater 
the  resistance  to  be  overcome,  the  greater  will  be  the  quantity  of 
«team  admitted  to  the  engine,  so  that  the  velocity  may  remain  uni- 
form. The  compressed  air  in  the  upper  part  of  the  cylinder/, 
may  of  course  be  replaced,  if  deemed  desirable,  by  a  spring.  If 
when  the  engine  is  running,  an  extra  load  be  thrown  upon  the 
working  shaft,  the  wheel  h  descends  until  the  resistance  offered  to 
its  descent  is  again  equivalent  to  the  work  to  bo  done,  and  in  so 
doing  the  throttle- valve  is  opened  to  a  greater  extent  than  before  ; 
bat  if,  on  the  contrary,  a  portion  of  the  work  be  thrown  off,  the 
pressure  of  the  air  in  the  cylinder  /  presses  down  the  piston,  and 
raises  the  wheel  b  until  the  opposing  forces  are  again  in  equilibric^ 
the  throttle-valve  being  thereby  partially  closed.  It  ia  of  course 
necessary  in  the  first  instance  to  adjust  the  opening  of  the  valve 
for  some  given  position  of  the  governor,  and  this  is  done  by  means 
of  a  right  and  left-handed  nut,  which  governs  the  length  of  one 
of  the  links  connecting  the  governor  and  the  throttle- valve.  No 
special  remarks  are  requisite  as  to  the  construction  of  governors, 
beyond  the  observation  that  the  parts  must  be  very  accurately 
fitted  together  by  means  of  the  processes  already  set  forth. 

Let  us  now  proceed  Xa  the  description  of  the  vessels  employed 
for  condensation  of  the  steam  after  it  has  done  its  work  in  the  cyl- 
inder of  the  condensing  engine.  These  condensers  are  of  two 
classes ;  first  those  in  which  the  steam  is  condensed  by  water,  and 
secondly  those  in  which  it  ia  condensed  by  contact  with  cold  me- 
tallic surfaces,  these  latter  constituting  what  are  termed  surface 
condensers. 

The  apparatus  used  for  effecting  the  condensation  of  the  exhaust 
steam  by  the  first  method  is  usually  exceedingly  simple,  consisting 
of  a  cylindrical  vessel ;  or  if  this  form  be  not  convenient,  any 
other  may  be  adopted  according  to  the  requirements  of  the  engine 
to  which  it  is  intended  to  attach  the  condenser,  within  which 
nessr^I  is  placed  a  perforated  jet  rose  or  tube  connected  with  the 
^Kterior  of  the  condenser  by  means  of  a  pipe  passing  through  the 
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side  of  the  same,  and  furnisbed  with  a  cock  to  afPjrd  a  means  of 
regulating  the  artmission  of  water  to  the  condenser.  The  actioi» 
of  thia  arrangement  ia  ss  foilows.  Before  starting  the  engine,  a 
tank,  in  which  the  condenser  is  fixed,  ia  filled  with  cold  water,  and 
subsequently  kept  fUIl ;  steam  is  then  admitted  to  the  condenser  to 
expel  the  air  which  formerly  filled  it,  which  it  does  either  through 
a  conical  valve  placed  at  the  top  of  the  condenser,  called  a  suifting 
valve,  or  otherwise  through  a  valve  at  the  foot  leading  to  the  air- 
pump.  Aa  soon  as  all  the  air  is  displaced,  the  cock  attached  to 
the  pipe  which  terminates  ivithin  the  condenser  is  opened,  and 
water  flows  into  the  condenM-tig  vessel,  where  it  comes  in  contact 
with  the  steam  within  the  same,  and  redneea  it  at  once  to  a  liquid 
condition,  leaving  a  vacuum  approaching  more  or  less  nearly  to  an 
absolute  vacuum,  according  to  the  management  of  the  apparatus. 
Fig.  S8  represents  a  vertical  section  of  one  form  of  condenser.    It 


is  a  species  of  swelled  pipe ;  the  upper  and  lower  extremities  or 
necks  are  bored  out  so  as  to  be  of  greater  diameter  at  their  inner 

than  at  their  outer  ends.     Into  these  necks  are  inserted  the  extrem- 
ities of  pipes  of  coTresponding  form,  as  shown,  the  sutrouD^ng 
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^^^m^tices  being  tilled  up  to  malce  good  the  joints.  The  upper 
^B  "pipe  brings  the  exhaust  steam  from  the  cylinder,  and  the  lower 
^Kjone  communicates  with  the  air  pump. 

^^m  Another  form  of  condenser  consists  of  a  cast-iron  cylinder  fitted 
^Hvith  a  cover,  and  having  the  passage  which  serves  to  communicate 
^Kurith  the  air-pump  cast  on  it.  The  condensers  used  in  marine  en- 
^B^nes  are  not  usually  immersed  in  water,  on  account  of  the  con- 
^KsGned  space  in  which  they  are  employed. 

^B      Condensers  of  the  second  class  are  far  more  intricate  and  varied 
^^5n  their  forms  than  are  those  which  we  have  just  described,  the 
^Bnbject  in  using  these  being  to  recover  pure  and  unmixed  the  water 
"''Resulting  from  the  steam  which  has  passed  through  the  engine, 
iffhich  is  very  desirable  when  clean  water  cannot  be  obtained,  or 
■vhea  the  water  contains  much  mineral  matter,  such  as  is  the  esse 
'vtith  lea-water.      Attempts  have  been  made  from  a  very  early 
jjeriod  down  to  the  present  time  to  produce  a  surface  condenser 
■vfbich  should  be  efficient,  the  first  consisting  of  two  thin  cy'','derB 
of  large  diameter,  placed  concentrically  one  within  the  other  '^ater 
feeing  allowed  to  circulate  around  the  outer  tube  and  mt]>j  the 
inner  one,  the  steam  to  be  condensed  being  introduced  il.I-o  the 
iinnular  space  bounded  by  the  peripheries  of  the  two  ooiioentrio 
<2ylinders.     Tliis  contrivance  was,  however,  found  in  practiue  to  be 
"t»nequal  to  the  duties  required  of  it ;  it  was  consequently  aban- 
«ioned,  and  condensers  of  the  first  class  were  for  a  time  exclusively 
employed.     Subsequently  a  form  of  surface  condenser  was  intro- 
clucctl,  which  has  proved  more  succeaaful.     It  consisted  of  a  num- 
ber of  tubes  of  small  diameter,  around  which  water  was  permitted 
to  flow,  and  into  these  tubes  the  exhaust  steam  was  passed  and 
there  condensed,  and  from  the  condenser  the  water  thus  formed 
tnay  be  pumped  directly  back  to  the  boiler. .  This  apparatus  is 
that  invented  by  Samuel  Hall.     Since  the  production  of  this  form 
rf  surface  condenser,  a  great  variety  have  been  introduced   to 
public  notice,  and  it  has  also  been  attempted,  in  some  instances 
Tfitli  success,  to  use  air  as  the  cooling  medium  in  the  place  of 

I  water,  in  order  that  the  principles  of  condensation  might  be  ap- 
plied where  sufficient  water  for  the  ordinary  condensing  apparatus' 
icould  not  be  obtained.  Craddock's  condenser,  intended  for  use 
■ith  either  air  or  water,  consists  of  &  number  of  small  tubes  at- 
tkched  at  the  top  and  bottom  to  vessels  which  servo  to  afford  com- 
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muoioation  amongst  a!l  tubes.  TliU  condonsor,  being  caused  »r^ 
revolve  rapidlj  in  air  or  water,  ia  found  tolerably  elBcivat,  as  will*^ 
the  formur  medium  a  vacuum  equal  to  nine  pounds  pressure  pet' 
square  inch  may  readily  be  obtained.  Surface  condensers,  to  be 
used  with  air,  have  also  been  formed  of  thin  plates  fixed  pandlel 
to  each  other,  between  which  is  passed  the  steam  to  be  condensed. 
Wlien  air  condensers  are  attached  to  locomotive  carmgcs  they 
may  be  fixed,  as  the  velocity  of  the  carriage  itself  is  sufficient  to 
cause  the  required  circulation  of  the  air.  With  regard  to  llie  con- 
Btruction  of  the  various  forms  of  condotisi^rs,  it  is  only  uei!i'«ary 
here  to  observe  that  those  of  the  first  elass  merely  require  to  bo 
turned,  planed,  or  fac.id  at  tlie  joints,  and  those  of  the  second  class 
are  somewhat  similar  in  their  construction  to  multitubular  boilvra. 
An  account  will  be  hereafter  given. 

The  next  element  to  which  our  attention  is  directed  is  the  air- 
pump,  by  means  of  which  tlie  condensed  steam,  the  water  used 
for  condensing  it,  and  the  air  which  is  always  contained  in  the 
latter,  is  withdrawn  from  the  condenser,  together  with  any  portion 
of  steam  which  may  escape  condensation,  bo  that  the  vacuum  pro- 
duced previous  to  starting  the  engine  may  remain  unimpaired 
while  it  continues  in  action. 

The  air-pump  consists  of  a  cylinder  accurately  bored, 
which  the  piston  moves  air-tight.  There  is  a  valve  at  the  fc 
the  air-pump,  opeaing  in  a  such  a  manner  as  to  allow  of  thi 
sage  from  thj  condenser  to  the  air-pump  of  such  matters 
be  withdrawn  from  the  former;  whilst  another  valve  at  the  top  of 
the  pump  allows  of  the  exit>  and  prevents  the  return  of  the  same 
from  and  to  the  pump.  The  water,  &c.,  below  the  piston  is  alluw«d 
to  pass  through  it  by  means  of  valves  opening  ujtwards,  the  aclion 
of  the  apparatus  tieing  as  under.  As  the  piston,  or  bucket  as  it  i» 
called,  of  the  air-pump  rises,  the  water,  air,  and  vapor  in  the  lower 
part  of  the  condeuser  pass  through  the  bottom  valve  into  the  lower 
part  of  the  air-pump  ■  on  the  descent  of  the  air-pump  bucket,  the 
water,  &c.,  boneiith  it,  forces  the  valves  formetl  in  it  opcu,  aiul 
passes  through  to  the  upper  side,  and  when  the  bucket  i^fun 
aaoundfi,  the  watf^r  upon  it  is  raised  and  forced  through  the  upper 
valve  into  the  hot  well.  This  constitutes  what  is  termed  a  sin^o- 
sctiitg  air-pump.  Wlicu  the  pumps  are  made  doublv-uoting 
bucket  is  replaced  by  a  solid  piston,  and  two  sets  of  valviB 


mpaired 


1 


DETAILS    OF   STEAM -ESGIMEf 


167 

[^ed,  BO  that  whun  the  piston  ascends,  it  draws  in  water  below, 
forces  oUier  water  out  above,  and  on  its  descent  it  draws  abovtj 
forces  below,  so  tbat  the  pump  works  during  both  the  up  and 
iown-atroke ;  whereas,  in  the  former  case  the  pump  is  onlj  effec- 
Lve  during  the  np-stroke.  The  material  of  which  the  cylinder  of 
le  air-pump  is  formed  is  frequently  cast-iron,  but  it  should  be 
lined  with  brass  or  Muntz  metal ;  and  this  is  especially  ni:cessary 
when  aca  water  or  foul  water  of  any  description  is  used ;  the  same 
material  should  also  be  applied  for  air-pump  rods.  Iron  rods. 
Covered  with  brass,  are  very  frequently  used,  but  they  arc  found 
to  waste  away  where  they  are  joined  to  the  bucket.  The  method 
of  constructing  air-pumps  is  as  follows :  The  cylinder,  if  of  solid 
brass,  is  simply  bored  out  in  precisely  the  same  way  as  a  steam 
cylinder;  but  when  it  ia  lined  it  if  first  bored  out,  and  the  lining 
then  beot^  introduced  into  it,  and  made  to  fit  firmly  by  hammering 
it  on  the  inside,  whereby  tiie  lining  is  expanded,  so  that  the  casing 
t^kcs  a  firm  grip ;  the  lining  is  then  boreJ  out  to  the  required  size. 
The  piston  or  bucket  is  accurately  turned  to  fit  the  cyjiuiler  of  the 
lump,  and  packed  generally  with  hemp,  which  is  tightened  up  by 
'ineaos  of  a  junk-ring.  Metallic  packing  has  occasionally  been 
Used,  but  the  vacuum  obtained  is  not  nearly  so  good,  and,  on  the 
whole,  it  18  inferior  to  hemp.  The  valves,  if  of  metal,  are  accu- 
rately planed  or  turned,  and  then  faced  up  or  ground;  various 
descriptions  are  used,  but  we  shall  not  pause  here  to  describe  them, 
as  a  complete  account  will  be  given  in  a  subsequent  chapter. 

With  regard  to  the  feed-pump,  it  is  only  necessary  here  to 
observe  that  what  are  called  plunger-pumps  are  most  generally 
iwnployed ;  for  a  description  of  which  the  reader  is  referred  to  the 
ipter  on  pumps. 

In  concluding  the  present  chapter,  we  may  observe  that  it  is  the 
ipractioe  of  some  manufacturers  to  grind  iho  ateam -cylinders  and 
piston  rod}  and  similar  parts;  it  is  advisable  to  draw-file 
lUghout  their  length,  and  polish. 
In  this  chapter  we  have  endeavored  to  explain  the  form  and 
lode  of  manufacture  of  the  principal  elements  of  the  various 
ids  of  steam-engines,  omitting,  however,  various  minor  arrange- 
its  which  require  no  special  comment,  and  the  action  of  which 
II  be  illustrated  by  examples. 


CHAPTER  XIV. 


ON   FL'MPS   AND  VALVES. 


It  is  proposed  in  tlie  present  chapter  to  give  a  general  aocotd 
of  those  pumps  which  are  most  commoniy  employed  in  prat 
to  raise  water,  avoiding  any  thing  further  than  a  mere  reference  to* 
such  forma  as  are  of  doubtful  efficiency.    The  first  class  which  we 
shall  consider  is  that  which  includes  bucket  or  piston  pumps, 
which  are  those  most  commonly  used  for  the  ordinary  purposes  a| 
life  ;  the  principle  of  their  action  is  as  follows. 

Let  US  suppose  that  wo  have  a  cylinder  fitted  with  a  piston,  | 
which  there  is  a  valve  capable  of  opening  upwards,  so  as  to  alld 
of  the  ascent  of  a  fluid  through  the  piston,  but  eflectually  prew 
ing  its  return.  Let  the  bottom  of  the  cylinder  be  closed,  and  a 
furnished  with  a  valve  opening  upwards,  at  the  termination  of! 
short  pipe,  of  which  the  lower  extremity  is  immersed  in  wat 
let  the  piston  fit  the  cylinder  water-tight,  and  let  it  be  at  t 
bottom  of  its  stroke.  If  the  piston  be  now  raised,  there  will  e 
dently  be  a  vacuum  beneath  it,  into  which  the  water  will  bo  fi 
up  the  short  pipe,  by  reason  of  the  external  pressure  of  the  atm 
phere.  The  piston  having  arrived  at  the  top  of  its  stroke,  | 
stopped,  when  the  valve  at  the  bottom  of  the  cylinder  will  clfli 
by  reason  of  its  own  weight ;  and  if  the  piston  be  now  caused  i 
<lescend,  the  water  beneath  it  will  raise  the  valve  in  llm  same,  a 
pass  through  to  the  upper  side,  and  when  another  up-stroko  J 
made,  this  valve  having  closed,  the  water  above  the  piston  will  1 
raised,  and  will  flow  over  the  top  of  tlie  cyiindi;r,  the  lower  | 
of  which  will  again  be  filled.  The  upper  end  of  tlie  cylinder  « 
pump-barrel  may  be  closed,  and  supplied  with  a  valve  to  allow  q 
the  exit  of  the  water  raised,  and  to  prevent  its  return  upon  IB 
piston. 

There  is,  of  course,  a  limit  to  the  heigfit  of  the  pipe  vltid 
e£feci&  the  oamniunication  between  the  bottom  of  the  pump-bt 


^^^^H  PUMPS  AXD   VALVES.  169 

wd  the  water  to  be  raised,  as  it  is  eviiient  that  the  preasure  of  the 
oolumo  of  water  under  the  pump-barrel  canaut  exceed  that  of  the 
atmosphere.  The  height  of  a  column  of  water  which  balances  the 
fttmospherie  pressure  is  nearly  34  feet,  hence  the  suction  pipe  of 
an  ordinary  pump  should  not,  in  vertical  height,  exceed  30  feet 
This  form  of  pump,  when  fitted  with  an  exit  ^-alve  at  the  top,  ia 

motiraes  called  a  lifting  pump. 

Piston  pumps  are  also  made  with  solid  pistons,  that  is  to  say, 
laving  pistons  solid  throughout,  not  furnished  with  a  valve.     The 

iter,  in  this  case,  is  dra^wn  into  the  lower  part  of  the  pump 
,  through  a  valve  opening  inwards,  and  expelled  through 
mother  valve  opening  outwards ;  this  apparatus  is  called  a  forcing 
pump.  The  upper  extremity  of  the  cylinder  may  also  be  furnished 
with  inlet  and  outlet  valves,  that  water  may  be  drawn  and  forced 
above  as  well  as  below  the  piston,  in  which  case  the  pump  rod 
through  which  motion  is  imparted  to  the  same,  passes  through  a 
8tufl5ag-box  in  the  pump  cover;  during  the  up-stroke,  this  pump 
ia  drawing  beneath  and  forcing  above  the  piston,  and  during  the 
down-stroke,  the  contrary  takes  place ;  this  is  called  a  double- 
acting  force-pump.  The  packings  of  these  pumps  are  usually 
cupped  leatbers,  or  leather  collars,  which  may  be  easily  made  by 
pressing  the  leather  into  form  under  the  influence  of  moisture  and 
heat,  after  which  they  may  be  turned  by  means  of  suitable  tools. 

k Piston  pumps  are  sometimes  furnished  with  a  trunk,  being  then 
lied  trunk  pumps.  The  trunk  is,  in  fact,  a  hollow  piston  rod,  of 
Undrical  or  oval  section,  the  object  of  which  is  to  admit  of  the 
«se  of  a  long  connecting  rod  which  passes  down  the  trimk,  being 
jointed  to  the  piston  at  the  bottom  of  the  same.  The  various 
forms  of  valves  used  for  the  buckets,  and  to  regulate  the  entrance 
and  the  exit  of  the  water,  will  be  subsequently  considered. 

We  will  next  turn  our  attention  to  the  form  and  principle  of 
action  of  that  class  of  apparatus  which  comprises  the  various 
descriptions  of  plunger  pumps.  A  plunger  pump  consists  of  a 
"barrel  or  cylinder,  slightly  contracted  at  its  upper  extremity,  and 
entirely  closed  at  its  lower  end  ;  within  this  cylinder  another  solid 
«:yUnder  or  pluuger  works ;  its  diameter  being  a  little  less  than 
that  of  the  pump-barrel,  so  that  it  may  not  come  in  contact  with 
!  sides  of  the  latter.  The  plunger  thus  formed  works  water 
;ht  through  a  stuffing-box  packed  with  leather  or  hemp,  and 
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piiited  at  the  upper  or  contracted  extrir.Tiity  of  tl 
wliich  is  itself  furnished  with  two  valves,  one  of  which  opens  in- 
wards, the  other  opening  outwards.  The  action  of  this  apparatus 
13  as  foUowa,  When  the  plunger  makes  an  up-atrokc,  it  tends  to 
leave  a  vacuum  equal  to  its  own  bulk  in  the  pump-barrel ;  this 
apace  is,  liowever,  immediately  filled  by  water  entering  through 
the  inlet  valve  ;  on  the  descent  of  the  plunger  the  same  quantity 
of  water  is  expelled  through  the  outlet  valve;  this  pump  also 
acting  as  a  forcing  pump,  and  is  used  generally  for  feeding  steam- 
boilers  and  for  working  hydraulic  presses,  and  is  very  frequently 
applied  to  large  pumping  engines.  When  the  plungers  are  of 
very  great  size,  they  are  frequently  made  hollow,  in  order  to  save 
weight ;  but  it  sometimes  occurs  that  it  is  necessary  for  them  to  bo 
heavy,  as  in  the  pumps  of  the  Cornish  engines,  wliere  the  plunger 
is  raised  by  steam-power  and  descends  by  the  gravity  of  its  own 
weight  alone,  or  aided  by  extra  weights  placed  upon  the  plunger 
pole.  Plunger  pumps  are  also  sometimes  made  as  trunk  pump^ 
in  which  case  the  plungers  themselves,  being  hollow,  constitute 
trunks. 

The  plungers  of  these  pumps  having  been  accurately  turned, 
should  be  draw-filed  through  their  whole  length,  the  packings,  if 
of  leather,  being  lubricated  with  water,  and  if  of  hemp,  with  oil. 
The  efficiency  of  pumps  of  the  two  classes  described  above, 
depends  principally  upon  the  valves,  and  if  these  can  be  mode 
perfect  in  their  action,  tlien  will  a  barrelfuU  of  water  be  raised  at 
each  stroke  of  the  pump.  The  effective  work  done  by  the  pump 
is  found  from  the  expression 

w  =  10  X  9  X  A 
in  which  w  represents  the  work  done  during  one  stroke,  expre 
in  foot  pounds ;  q  the  quantity  of  water  raised  during  one  stroti 
expressed  in  gallons ;  and  h  the  height  in  feet  from  the  level  ■ 
the  water  in  the  well  to  the  point  of  discharge,  that  is  to  say,  ( 
height  to  wliich  the  water  is  raised. 

Centrifugal  pumps  are  now  occasionally  used  for  raising  wate'^r 
when  the  lift  is  not  very  great;  they  act  by  imparting  centrifugaL^ 
force  to  a  mass  of  water  in  a  cylindrical  box  or  casing.  Tl*^ 
moving  ]>art  of  the  pump  consists  usually  of  a  shaft,  upon  whiol^ 
are  placed  arms  carrying  vanes,  the  whole  forming  a  species  *>« 
fan.     When  this  is  caused  to  revolve  rapidly,  rotatory  motion     ** 


e  pump 

stroi^^H 
level  ^^H 
say,  ^H 
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imparted  to  the  water  in  a  casing  which  aurroumls  it,  which  ciiuses 
the  latter  to  press  against  the  periphery  of  the  casing,  and  to  pasa 
out  at  an  aperture  in  the  same,  whereby  a  partial  Taonum  occurs 
about  tlie  axis  of  the  fan,  into  which  water  flows  through  a  suction- 
pipe.  The  advantage  of  this  pump  is,  that  it  is  capable  of  passing 
inipeilinieiits  which  would  choke  the  valves  of  an  ordinary  punip, 
but  its  efficiency  is  leas. 

Many  years  since,  an  apparatus  called  a  spray-pump  was  pro 
posed,  constructed  on  principles  derived  from  the  following  con- 
sideratioo^.  It  was  found  that  if  water  be  allowed  to  fall  freely 
through  air  in  a  fine  shower,  the  velocity  with  which  the  drops 
fall  does  not  exceed  about  twflve  feet  per  second ;  hence  it  was 

t concluded  that  an  upward  current  of  air,  moving  with  a  velocity 
f^  say  twenty  feet  per  second,  passed  through  a  stratum  of  water, 
will  carry  with  it  an  upward  shower  to  any  required  height.  Thifl 
apparatus  was,  however,  found  to  be  practically  far  from  economical, 
which  may  be  attributable,  in  a  great  measure,  partly  to  the  fact 
that  a  high-pressure  engine  was  used  to  propel  the  fan  whicli 
created  the  current  of  air,  and  partly  to  the  inefficiency  of  the  fan 
itself. 

We  have  mentioned  this  last  contrivance  on  account  of  the 

ingenuity  of  the  principle  on  which  it  is  based ;  but  it  ia  quite 

unnecessary   to   give   any  account   of  the   designs   innumerable 

[Vliich  have  been  brought  forward  for  raising  water,  and  which 

r  been  carried  successfully  into  practice. 

I  It  now  remains  to  describe  the  various  forma  of  valves  moat 

nly  used  for  pumps.     The   clack-valve  is  probably   the 

,  and  is  very  simpla     It  consists  of  a  flap  of  leather,  or 

f  mitable  materia!,  coverhig  an  orifice  and  fixed  down  at  one 

«dge,  BO  as  to  open,  as  it  were,  on  a  hinge;   the   leather  flap 

requires  to  be  covered  top  and  bottom  on  the  central  part  with 

plates  of  metal,  in  order  to  add  to  its  weight,  ao  that  it  may  close 

lapidly  and  impart  to  it  sufBcient  rigidity.     These  valves  are  fre- 

<juently  made  of  india-rubber  closing  upon  a  grating,  instead  of 

vver  one  large  opening,  and  a  method  has  recently  been  brought 

■■nvard,  whereby  that  part  of  the  valve  which  is  bolted  down  to 

^prm  a  binge  ia  made  of  hard  india-rubber,  thereby  obviating  the 

^beessity  of  using  strips  of  iron  to  form  a  hold  for  the  bolts  which 

^kmerly  existed.     Guards  are  fixed  over  the  valves  to  prevent 
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ttem  from  Tiaing  too  liigb.  "Wlien  one  piece  of  leather  or  other 
subatiintie  used  for  the  valve  is  fastened  down  in  the  centre,  so  as 
to  form  two  clacks,  the  arrangement  ia  termed  the  butterfly  clock. 
The  principal  disadvantages  attendant  upon  the  adoption  of  this 
form  of  valve  in  large  pumps,  are,  firstly,  the  loss  of  water  caused 
by  the  slowness  with  which  the  valve  closes,  the  column  of  water 
above  it  beginning  to  return  before  the  valve  reaches  its  seat;  and 
secondly,  the  great  concussions  produced  by  the  fall  of  the  valve 
with  the  column  of  water  upon  it,  the  loss  of  water  during  the 
closing  of  the  valve  sometimes  amounting  to  one-eighth  of  the 
whole  quantity  raised. 

The  next  form  of  valve  to  which  we  shall  refer  is  the  conical 
valve,  which  consist}  of  a  flat  or  slightly-curved  plate  of  metal, 
of  which  the  periphery  ia  in  the  form  of  a  frustrum  of  a  cone, 
fitting  into  a  seat  of  corresponding  form.  In  order  that  this 
valve  may  rise  vertically,  it  is  sometimes  furnished  with  a  spindle, 
moving  in  guides,  and  sometimes  furnished  with  a  tail  or  etalk  in 
the  form  of  a  triple  feather,  proceeding  from  its  lower  surface,  and 
fitting  the  pipe  beneath  the  valve.  Stops  are  placed  above  the 
valves  to  limit  their  rise. 

Another  form  of  valve  consists  of  a  short  india-rubher  tube, 
flattened  at  the  extremity.  When  water  is  forced  into  the  open 
end  of  such  tube,  it  passes  through,  forcing  open  the  flattened  ex- 
tremity; hut  in  the  contrary  direction,  pressure  closes  the  tube 
more  eSectnally. 

It  is  a  great  desideratum  to  obtain  a  valve  which  shall  close 
■  rapidly,  so  that  it  may  reach  its  seat  before  the  column  of  wakr 
above  it  begins  to  return,  whereby  loss  of  water  is  obviated  and 
concussions  avoided.  In  order  to  obtain  eSects  so  desirable,  va- 
rious forms  have  been  produced,  of  which  the  best  is  the  double- 
beat  valve  of  Messrs.  Harvey  and  West,  of  which  a  vertical  section 
is  shown.  Fig,  89.  This  valve  has  two  seatings,  b  b  and  c  e,  and 
when  the  valve  is  raised  by  the  pressure  of  the  water  beneath  it, 
the  latter  floors  out  in  the  directions  indicated  by  the  arrows,  a  a  Is 
ft  collar  which  prevents  the  valve  from  rising  too  high;  washera 
of  leather  are  placed  beneath  this  collar  to  obviate  the  blow  of 
the  valve  in  rising, 

Another  form  of  valve,  by  Jenkyns,  consists  ol  a  disc-valve^ 
itself  perforated,  so  as  to  form  the  seat  for  another  diac-valve;  the 
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uiunber  thus  superposed  depemling  upon  the   diameter  of  the 
orifice  wticli  the  valve  ia  designed  to  close.     Another  description 


I 


of  valve  which  has  been  proposed,  consists  of  numerona  concen- 
tric annular  orifices  closed  by  rings,  and  this  has  recently  been 
improved  upon  by  making  the  rings  of  india-rubber,  as  done  in 
Mr,  Hosking'fl  valve, 

A  valve  commonly  used  for  locomotive  feed  pumps,  consists  of 
u>  accurately-formed  sphere  of  metal,  falling  into  a  spherical  seat, 
its  rise  being  regulated  by  guards. 

The  surfaces  of  contact  between  valves  and  their  seats  must  be 
got  up  by  scraping  or  grinding,  so  as  to  exhibit  the  highest  degree 
of  accuracy  attainable.  And  when  of  metjd,  they  should  both  of 
tbem  be  of  the  same  metal,  as  otherwise  galvanic  action  is  pro- 
duced, causing  the  corrosion  of  that  surface  which  is  formed  of  the 
most  electrically -positive  metal.  Seatings  formed  of  hard  wood, 
placed  with  the  grain  endways,  and  kept  constantly  wet,  are  found 
satisfactory  in  practice. 

Before  concluding  our  observations  upon  valves,  a  few  remarks 
on  the  height  of  ri.se  which  should  be  allowed,  and  upon  the  power 
required  to  work  them,  may  not  be  inappropriate. 

It  is  evident,  that  for  the  whole  effect  of  a  valve  to  be  obtained, 
its  rise  should  be  such  that  the  waterway  between  the  seating  and 
the  edge  of  the  valve  be  not  less  than  the  area  of  the  valve.  Foi 
a  semicircular  clack-valve  the  extreme  rise  ia  found  as  follows 
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Let  r  =  radius  of  valve,  h  =  height  of  rise,  the  area  of  the  valve 
will  evidently  be 


and  the  waterway  between  the  seating  of  the  valve  and  the  edge 
of  the  same  will  be 

3-1416  J- i 


hence  the  whole  area  could  only  be  utilized  when  the  valve  opeiu 
to  a  vertical  position,  which  is  of  course  inadmissible ;  heoce  valvea 
of  large  radius  must  be  employed. 

For  disc-valves,  we  have,  for  the  area  of  the  valve, 
S.lllSr* 
and  for  the  waterway  between  the  valve  and  its  seating 

6-2832  r/( 
hence,  the  proper  rise  ia  found  from  the  expression 

This  also  applies  to  the  ball-clack. 

In  the  double-beat  valve,  let  r  =  the  lesser,  and  r'  the  greater 
diameter,  for  the  seatings ;  then  the  effective  area  of  the  valve  is 

=  3-1416  r" 
and  the  area  of  waterway  given  by  the  rise  of  the  valve  ia 

=  6'2832  h  (r+r') 
hence 


It  may  be  observed  that  if 

r  ^  r' 
the  valve  ia  not  affected  by  any  difference  of  pressure  above  and 
below  it ;  it  is  then  called  an  equilibrium- valve,  which  ia  much 
used  in  Cornish  pumping  engines,  and  the  nearer  the  value  of  r 
approaches  to  r',  the  greater  will  be  the  pressure  required  j«r 
square  inch  to  open  the  valve. 
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ON   BOILERS. 


&  a  previous  chapter  we  tave  set  forth  the  principles  upon 
which  steam-boilers  generally  are  conalructed,  and  in  the  present 
«-e  propose  to  render  an  account  of  those  generally  used ;  for  which 
purpose  we  have  carefully  aclocted  such  examples  as  appeared  beat 
suited  to  give  a  general  idea  of  the  objects  aimed  at  in  the  con- 
struction of  steam-boilers  and  of  the  means  employed  to  attain 
such  objects. 

Perhaps  the  simplest  form  of  boiler  now  largely  employed 
to  generate  the  steam  requisite  to  actuate  steam-engines,  is  that 
known  as  the  Cornish  boiler.  It  consists  of  an  external  cylindrical 
shell,  through  which  passes  a  tube  which  serves  to  carry  the  flame 
and  heated  air  from  the  furnace.  The  extremities  of  the  boiler 
being  closed  by  flat  plates,  the  water  is  contained  in  the  space  in- 
cluded between  the  inner  and  outer  cylinders. 

The  thickness  requisite  to  each  part  of  the  boiler  may  be 
determined  from  the  following  formulae  with  quite  sufficient  ac- 
curacy for  all  practical  purposes,  the  boiler  being  made  of  wrought- 
iron. 

Let  r  =  radius  of  outer  shell,  r'  =  radius  of  inner  shell  or  flue, 
( l'  thickness  of  outer  and  inner  shells,  t"  thickness  of  end  platee, 
all  in  inches,  t  =  length  of  flue  in  feet,  p  ^=  greatest  pressure  in 
Iba.  per  square  inch  to  which  the  boiler  will  be  subjected. 

Then 


750O 
"  >J  60.000 
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Forwulw  foi  determining  the  evaporative  values  of  boilers  bars 
been  given  already  in  Chapter  X. 

In  order  to  exemplify  the  above-mentioned  form  of  steam -boiler 
we  have  shown  a  longitudinal  section  of  such  an  one  on  Plate 
XIII.  The  boiler  there  represented  has  been  erected  by  Mr. 
Wickateed  to  supply  the  new  pumping  engine  at  the  Scarborough 
Waterworks,  at  Cayton  Bay.  The  boiler  consists  of  an  external 
shell  and  an  internai  flue,  and  is  furnished  with  the  usual  ap 
pondages,  safety  valves,  pressure  guages,  &c.  It  has  been  tho 
custom  to  attach  to  such  boilers  a  pipe  to  carry  oil'  the  steam 
eso.iping  Irom  the  safety  valve,  but  it  is  evident  that  under  proper 
management  no  such  escape  should  occur;  hence  that  detail  is  not 
added  to  the  boiler  illustrated. 

Tliese  boilers  are  manufactured  by  riveting  together  a  sufficient 
number  of  wrought-iron  plates  of  suitable  size,  and  the  work 
should  be  so  arranged  as  to  break  joint;  that  ia  to  say,  the  longi- 
tudinal joint  in  one  pair  of  plates  should  occur  in  a  line  with  the 
centre  of  a  plate  in  the  next  ring  of  plates,  so  that  a  horizontal 
section  through  the  shell  of  the  boiler  at  this  place  may  exhibit 
half  joint  and  half  solid  plate,  and  it  is  upon  this  supposition  that 
the  above  formula  for  the  outer  shell  has  been  calculated ;  for  if 
the  joint  runs  longitudinally  from  end  to  end  of  the  boiler  it  will 
become 


5000 
B  solid  throughout 
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7rom  this  formula  it  is  evident  that  the  thickness  of  a  vessel 
subject  to  internal  pressure,  of  circular  section  and  with  thin  aides, 
should  vary  directly  as  the  radius  and  as  the  pressure;  hence  if 
radius  and  pressure  both  increase,  the  corresponding  thickness 
will  inerea.se  very  rapidly;  hence  it  becomes  desirable  that  when 
very  high  pressures  are  requisite  the  radius  should  be  as  small  as 
possible,  to  avoid  the  use  of  metal  of'  thickness  greater  than  ia 
absolutely  necessary  to  satisfy  the  conditions  of  safety. 

In  accordance  with  these  views,  various  designs  have  been 
originaled  in  order  to  obtain  boilers  which  should  possessat  once 
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the  qualifications  of  strengtli  acd  lightness,  and  one  of  the  best 
adapteil  to  these  requirements  is  illustrated  in  vertical  horizontal 
section  at  Plate  XIV.,  having  beea  invented  and  patented  by  Mr. 
Craddock,  and  capable  of  working  safely  under  a  pressure  of  i'roni 
two  to  three  hundred  pounds  per  square  inch. 

This  boiler  will  be  observed  to  consist  of  numerous  water  tubea 
placed  side  by  aide  in  close  contact  around  a  fire,  and  forming  as 
it  were  the  sides  of  the  furnace,  and,  by  the  form  thus  produced, 
offering  a  very  large  surface  to  the  action  of  the  flame  in  com- 
parison to  the  contents  of  the  tubes,  and  the  smaller  the  tubea 
become  the  greater  is  this  effect.  The  area  exposed  to  the  action 
of  the  heat  is  found  from  the  following  formula: 

Let  'i  ^  diameter  of  furnace  in  feet,  A  ^  total  height  of  tubea 
above  fire-grate  in  feet,  a  =s  absorbing  surface  in  square  feet, 

fl  ^  5  d.h.  nearly. 
Taken  vertical  siirface  as  equal  to  half  the  horizontal  surface,  the 
nomioal  horse-power  becomes 

_  2-5  dh 
81 
■•  =  0-308.  d.  h.  nearly. 

These  water  tubea  terminate  top  and  bottom  in  stout  wrought- 
iron  vessels  called  hearts,  and  the  upper  heart  is  surmounted  by  a 
steam-dome,  placed  in  the  uptake  of  the  chimney,  whereby  the 
steam  is  partly  dried;  to  this  dome  the  gauges,  valves,  &c.,  are 
attached.  The  water  tubea  are  deviated  from  their  vertical 
positions  at  top  and  bottom  to  allow  the  entrance  of  air  to  effect 
combnstion  and  the  exit  of  flame  and  heated  gases ;  and  they  are 
also  deviated  in  front  of  the  grate  to  admit  of  the  insertion  of  a 
fire  door.  The  course  of  the  current  of  air  and  gases  is  as  follows. 
The  atmospheric  air  required  to  effect  the  combustion  of  the  coal 
enters  under  the  grate  through  an  orifice  left  beneath  the  furnace 
door,  whence  it  passes  through  the  incandescent  fuel  and  upwards 
to  the  bottom  of  the  upper  heart,  whence  it  escapes  through  the 
openings  between  the  upper  extremity  of  the  tubes;  thence  it 
passes  down  between  the  OHtaide  of  the  tubes  and  the  masonry, 
and  finally  escapes  into  the  uptake.  The  horse-power  equivalent 
to  the  inner  absorbing  surface  has  been  given  above,  and  a  similar 
formula  will  give  that  which   is  due  to  the  external  abaorbing 
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surface.  This  boiler  was  found  to  work  very  economically,  bat 
by  reason  of  the  small  quantity  of  water  which  it  contains  requires 
some  rather  delicate  contrivance  to  regulate  the  draft,  which  is 
supplied  by  a  self-acting  damper  opened  by  an  air  spring,  which 
consists  of  a  quantity  of  air  imprisoned  in  the  closed  end  of  a 
cylinder,  and  acted  upon  by  a  piston  fitting  such  cylinder  air- 
tight and  carrying  a  piston  rod  connec-ted  with  the  self-exiting 
damper.  The  inventor  found  the  air  spring  preferable  to  any 
arrangement  of  metal  springs. 

Let  us  now  see  what  must  be  the  thickness  of  the  tubes  of  whicii 
the  boiler  is  composed,  supposing  them  to  be  of  good  wrought- 
iron,  solid  throughout,  three  inches  in  diameter,  and  intended  to 
»vork  under  a  pressure  of  250  lbs.  per  square  inch. 

By  the  formula  for  cylinders  we  have 

10000 
^  250x1-5 

"10000 
=  0-0375  metes 
for  the  best  Low-moor  iron.  Hence  we  see  that  this  boiler,  if 
made  with  tubes  of  which  the  metal  was  one  twelfth  of  an  inch 
thick,  would  be  safer  from  the  danger  of  explosion  than  an 
ordinary  boiler  working  at  a  low  pressure — of  course,  supposing 
that  the  hearts  be  made  of  ample  strength. 

The  evaporative  efficiency  of  this  boiler  will  of  course  be  im- 
proved by  the  thinness  of  the  metal  through  which  the  heat  is 
transmitted  from  the  furnace  to  the  water  to  be  evaporated. 

Various  kinds  of  boilers  have  been  proposed  and  construeteJ 
with  a  view  to  obtaining  the  advantages  belonging  to  that  which 
we  have  just  described ;  but  it  docs  not  appear  that  it  has  yet  been 
surpassed  for  economy,  although  its  introduction  is  perhaps 
retarded  by  the  prejudice  existing  against  the  employment  of  Tery 
high  pressures  in  steam -machinery. 

We  will  next  proceed  to  describe  types  of  the  most  common 
forms  of  marine  boilers,  and  for  this  purpose  will  select  two 
examples:  one,  Plate  XV,,  being  illustrative  of  an  ordinary  flue 
boiler;  and  the  other,  Plate  XVI.,  exhibiting  ilio  construction  of 
■a  marine  flue  boiler,  both  being  longitudinal  sections. 
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The  flue  boiler  consists  of  a  box-shaped  boiler  with  flat  or 
sligbtly  curved  aides,  within  which  ia  the  furnace,  having  at  ila 
posterior  extremity  a  fire  bridge,  beyond  which  the  flue  passes  on 
nearly  to  the  end  of  the  boiler,  when  it  risea  and  returna  along  the 
uplwr  part  of  the  boiler,  entering  the  uptake  of  the  chimney  near 
the  front  of  the  same.  The  steam  ia  partially  dried  by  resting  in 
contact  with  the  casing  of  the  uptake. 

The  sides  of  this  kind  of  boiler  being  flat,  necessarily  require  to 
be  strongly  braced  by  numerous  ties,  pitched  from  14  to  18  inches 
apart,  according  to  circumstances.  The  pressure  at  which  such 
boilers  are  worked  seldom  exceeds  about  33  lbs.  per  square  inch, 
and  is  more  generally  about  20  lbs.  per  square  inch, 

The  tubular  marine  boiler  is  shown  in  longitudinal  section  on 
Plate  SVT,  It  is  similar  to  the  flue  boiler  in  general  form;  but 
the  large  flue  ia  replaced  by  numerous  sm.ill  tubes,  whereby  a 
larger  amount  of  healing  surface  is  oblaineil.  The  air  required 
for  combustion  enters  the  ash-pit,  passes  through  the  fire  into  the 
chamber  at  the  posterior  end  of  the  furnace,  whence  it  finds 
its  way  to  the  uptake  through  the  numerous  small  tubes  described 
above. 

Locomotive  boilers  con.sist  usually  of  two  parts,  presenting  in 
longitudinal  section  the  aspect  shown  Plate  XXV,  The  one  part 
contains  the  furnace  or  fire-box,  which  is  surrounded  on  all  sides 
save  the  bottom  by  water;  ties  are  used  to  strengthen  the  flat 
sides  of  the  fire-box,  and  the  crown  of  the  same  is  furnished  with 
libs. 

In  designing  boilers  of  any  description,  care  should  be  taken  so 
to  form  the  various  parts  that  there  may  be  no  impediment  to  the 
escape  of  the  steam  to  the  upper  part  of  the  boiler  as  rapidly  as  it 
is  generated ;  and  for  this  purpose  the  joints  should  be  arranged 
ao  that  the  recesses  formed  may  not  detain  the  bubbles  of  steam 
•8  ihey  rise;  also  the  sides  of  fines  should  not  be  made  vertical, 
but  inclined,  so  that  the  water  spaces  may  be  somewhat  wider  si 
the  top  than  at  the  bottom. 

The  manufacture  of  boilers  is  very  simple.  Where  it  is  required 
to  rivet  various  plates  together,  they  are  usually  first  punched, 
then  placed  in  juxtaposition  and  the  holes  trued  by  broaching  or 
rhyming  them  out. 

The  rivets  are  made  of  bar-iron,  being  formed  with  one  head* 
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these  riveta,  when  required  for  use,  are  raised  to  a  cherry-red  or 
white  heat,  inserted  into  their  places,  and  there  retained  by 
holding  &  hammer  against  the  head  while  the  straight  end  is  first 
hammered  up  into  the  form  of  a  head,  and  then  finished  ofi'  in  a 
conical  or  hemispherical  form  by  means  of  swages  which  are 
caOud  snaps.  The  riveting  may  be  done  either  by  hand  or  by 
machinery. 

The  stays  are  sometimes  secured  by  screwing  the  ends  and 
fitting  nuts  upon  them ;  sometimea  by  riveting  and  sometimes  by 
screwing  and  riveting.  Riveting  may  occasionally  be  employed 
for  securing  metal  when  cold. 

The  tubes  of  multitubular  boilers  may  be  fixed  either  1^  rivet- 
ing the  ends  over  the  tube  plates,  or  by  driving  in  ferules  to 
spread  the  ends,  the  apertures  in  the  tube  p!ates  being  slightly 
conical ;  and,  lastly,  the  tubes  may  he  screwed. 

"Whenever  plates  intended  to  be  riveted  can  at  all  conveni- 
ently be  di'illed,  this  method  of  perforation  should  be  adopted,  as 
by  punching  the  metal  is  strained  and  the  apertures  thus  produced 
are  not  cylindrical ;  also  it  is  desirable  that  the  plates  shall  not, 
when  partly  riveted  together,  he  forced  to  fit  by  driving  drifts 
through  the  ojiposite  holes,  as  thereby  a  strain  is  thrown  upon  the 
shell  to  which  it  sliould  not  he  subjected. 

Land  boilers  are  usually  set  in  masonry,  and  marine  boilers  in 
cement. 

We  have  omitted  to  mention  hitherto  the  appendage  which  are 
common  to  all  boilers.  These  are  safety  valves,  loaded  according 
to  the  pressure  under  which  the  boiler  ia  intended  to  work ;  the 
valve  may  be  acted  upon  directly  by  a  weight  or  through  the 
medium  of  lever^  aa  shown  in  the  illustration,  Plate  XIII. ;  or 
they  may  he  kept  down  by  springs  acting  through  levers,  and 
this  is  the  method  commonly  used  in  locomotives. 

Steam-pressure  gauges  are  also  requisite ;  they  were  formerly 
made  of  a  syphon-formed  tube  containing  mercury,  the  difference 
of  the  heights  of  the  mercury  in  the  two  legs  of  the  syphon  indi- 
cating the  pressure  of  the  steam.  The  most  portable  and  conve- 
nient steam-gauge  now  manufactured  is  that  of  M.  Bourdon, 
which  consists  of  a  curved  tube  into  which  the  steam  has  free 
access,  and  the  steam  by  its  pressure  tends  to  straighten  the  tubci 
tliia  tendency  being  opposed  by  the  elasticity  of  the  tube.     By 
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means  of  suitable  connections  the  motion  of  the  tube  is  communi- 
cated to  an  index  placed  upon  a  dial,  graduated  to  show  pounds 
pressure  per  square  inch.  These  gauges  are  also  made  to  show 
vacuums.  Giftbrd'a  injector  ia  now  frequently  appended  to  steam- 
boilers,  to  act  in  place  of  a  feed-pump.  In  this  apparatus  a  jet 
of  steam  passes  from  the  boiler  through  a  mouth-piece,  and  ia 
partly  condensed,  when  it  forces  its  way  through  another  mouth- 
piece into  the  boiler  again,  carrying  with  it  a  quantity  of  feed- 
water  Its  action  may  appear  paradoxical,  but  is  in  reality  very 
simple,  being  as  follows. 

Suppose  the  area  of  the  orifice  from  the  boiler  to  be  one  square 
inch,  then  the  sleam  passing  from  this  aperture  with  any  given 
velocity,  it  may  be  partially  condensed  without  losing  this  velocity, 
so  that  the  same  amount  of  energy  will  be  concentrated  upon  a 
emaller  area ;  hence,  when  ao  partially  condensed,  it  can  rtadilv 
re-enter  the  boiler  and  carry  other  water  with  it.  This  apparatus 
will  not  act  if  the  temperature  of  the  water  be  much  above  110" 
Fah. 

In  addition  to  the  above  appendages,  man-holes,  mud-holea, 
furnished  with  doors,  and  blow-through  cooks,  are  requisite,  to 
allow  of  the  cleansing  of  the  boilera :  also  guage-glasses  to  show 
the  level  of  the  water  in  the  boilers. 


The  three  purposes  whicli  propellera  are  intended  to  : 
are,  the  propulsion  of  ocean  steamers,  river  steamers,  and  < 
steamers,  the  latter  consisting  of  tugs  only ;  and  the  conditions  to 
be  satisfied  are  somewhat  difterent  for  each  class.  Ocean  steameis, 
besides  requiring  efficient  power  lor  the  arduous  work  ocoasionally 
before  them,  demand  that  the  machinery  should  be  so  placed  as  to 
'be  aa  safe  as  possible  from  enemies'  shot ;  river  steamers  rt?quire  to 
be  compact ;  canal  boats  must  be  of  light  draught,  compact,  ajid 
must  have  their  propelling  apparatus  of  such  form  as  may  not 
cause  injury  to  the  banks.  For  these  purposes  only  two  pnipelleis 
have  hitherto  been  brought  into  general  use,  namely,  the  paddle- 
wheel  and  the  screw ;  and  to  these,  and  one  form  of  the  hydraulic 
propeller,  we  purpose  now  to  devote  a  few  brief  remarks. 

The  paddle-wheel,  being  the  longest  established,  first  demands 
attention.  It  ia  manufactured  in  two  forms ;  paddles  with  radial 
float-boards,  and  feathering  paddles.  lu  the  first  the  fiuat-boards 
are  firmly  fixed  upon  radial  arms;  and  in  the  second  they  are 
formed  so  as  to  be  movable  upon  an  axis,  their  positions  with  re- 
gard to  the  horizon  being  regulated  by  means  of  rods,  of  which 
the  out«r  extremities  are  attached,  by  pins,  to  arms  upon  the  axes 
or  gudgeons  which  carry  the  float-boards,  their  inner  ends  being 
nimilarly  connected  with  the  periphery  of  a  ring  fixed  somewhat 
eccentrically  to  the  paddle-shaft.  The  action  of  the  floats  of  a 
paddle-wheel  is  as  follows.  Let  us  direct  our  attention  to  one  float- 
board,  the  engine  being  at  rest  and  the  vessel  in  still  water.  Then 
if  the  engine  be  started,  a  pressure  will  be  exerted  upon  the  water 
behind  the  float,  which  will  pass  through  the  water,  a  certain 
amount  of  motion  being  at  the  same  time  communicated  to  the 
vessel  itself,— the  velocity  attained  baing  proportional  to  the  preu- 
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sure  existing  between  the  float-board  and  the  water.  Now,  it  ia 
evident  that  while  the  float-board  is  at  rest,  no  pressure  is  exerted 
i^on  the  water ;  but  when  it  begins  to  move,  resistance  beoomea 
manifest,  such  resistance  increasing  as  the  square  of  its  velocity ; 
hence  if  there  be  any  motion  of  the  vessel,  there  must  also  be 
some  yielding  of  the  water  in  a  direction  opposite  to  that  of  tha 
vessel,  and  if  the  yielding  or  part  of  the  yielding  of  the  water, 
takes  place  in  any  other  direction,  there  is  a  loss  of  power.  With 
the  common  radial  paddle-wheel  the  water  yields  in  a  variety  of 
directions,  corresponding  with  the  positions  of  the  various  floats 
at  anj'  moment.  And  besides  this,  a  portion  of  the  water  between 
the  float-boards  necessarily  acquires  some  centrifugal  force,  which 
tbrows  it  out  from  the  wlieel  radially,  and  thus  some  energy  is 
msted  in  useless  work.  With  the  feathering  paddles  the  actioa 
is  somewhat  diSerent  from  the  above;  but  there  exLit  to  soma 
axtent  the  same  disadvantages. 

The  screw-propeller  has  for  some  time  oiyoyed  a  reputation 
mperior  to  that  of  the  paddle-wheel,  notwithstanding  that  its  use 
ia  accompanied  by  serious  disadvantages.  In  the  lirst  place  the 
tttuation  of  the  screw  tends  to  remove  from  the  stern  of  the  vessel 
the  back  water,  thereby  leaving  a  deficiency  of  pressure  at  the 
Mem  of  the  vessel,  which  is  equivalent  to  increased  resistance  at 
4he  bows ;  again,  considerable  centrifugal  force  is  imparted  through 
the  water  in  contact  with  the  screw,  which  is  accordingly  di3[)ersed 
radially ;  a  corresponding  amount  of  energy  being  wasted,  and  at 
the  same  time  the  concussion  of  such  water  as  passes  upwards 
against  the  dead  wood  of  the  vessel  produces  vibration.  Tha 
tBsistances  which  a  screw  has  to  overcome  in  a  heavy  sea  are 
probably  on  the  whole  much  more  unilorm  than  those  which  are 
opposed  to  the  motion  of  paddle.'j,  whereby  the  alternate  racing 
and  stopping  of  the  engines  are  much  reduced,  but  nevertheless, 
thiB  injurious  action  exists  in  a  very  considerable  degree. 

The  hydraulic  propeller  has  been  brought  forward  at  various 
times  in  a  variety  of  forms,  but  hitherto  it  appears  to  have  failed 
as  a  practical  propeller.  We  may  instance  Ruthven's  propeller. 
also  the  hirudine  propeller.  Euthven's  propeller  consisted  of  a  fan 
or  rotatory  pump,  which  expelled  water  through  the  extremitiea 
«f  flhannels  towards  the  stem  of  the  vessel.  The  motion  of  the 
Ve^el  was  due  to  the  reaction  of  the  issuing  jets  of  water ;  the 
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orifices  from  which  these  jets  proceeded  were  placed  above  the 
water-liiie,  hence  the  resiataiice  offijred  to  the  exit  of  the  water 
was  that  due  to  the  pressure  of  the  atmosphere  ;  it  ia  therefore  not 
diihoult  to  imagine  that  this  propeller  proved  useless  as  an  econora- 
ical  means  of  obtaining  motion.  If  the  orifices  mentioned  above 
be  closed,  the  pump  may,  nevertheless,  be  worked,  and  it  will  in 
Buch  case  impart  only  a  whirling  motion  to  the  contained  water; 
whenoe  it  appears  that  this  propeller  admits  of  the  engine  being 
driven  without  produeing  any  useful  effect. 

The  hirudine  propeller  consisted  of  a  tube  in  which  was  a  dia- 
phragm, ao  formed  that  by  means  of  vertical  rods  a  wave  waa  pro- 
duced in  it  passing  backwards,  thereby  carrying  the  water  from 
the  bows  of  the  vessel  and  expelling  it  at  the  stem,  so  as  to  impart 
to  the  vessel  a  forward  motion  by  the  reaction  of  the  water  thug 
ejected, — the  action  of  course  being  intermittent,  the  water  passing 
through  the  tube  in  waves.  This  apparatus  appears  to  present 
fairer  prospects  of  success  than  that  last  deseribeJ,  but  it  is  many 
ways  complicated  and  inconvenient.  The  name  was  given  on  ac- 
tjoiint  of  some  supposed  resemblance  to  the  action  of  a  leech, 
though  the  true  principle  of  the  propeller  can  scarcely  be  re- 
garded as  analogous  to  the  principle  of  propulsion  exhibited  by 
the  leech. 

The  two  propellers  above  described  possess  the  great  advantage 
of  acting  only  in  that  direction  in  which  the  greatest  efteot  is  pro- 
duced, namely,  in  a  direction  parallel  to  the  vessel's  course ; 
whereas  the  paddle-wheel  only  acts  in  this  direction  in  one  posi- 
tion, and  then  also  imparts  centrifugal  force  to  the  atoms  of  water 
with  which  the  float  board  is  in  contact,  and  this  force  is  also  pro- 
duced by  the  screw-propeller. 

Neither  Ruthven's  nor  the  hirudine  propeller  has  come  into 
nse,  but  of  the  two  we  think  the  latter  the  best,  as  the  resistance 
of  the  water  is  eniployed  instead  of  that  of  the  atmosphere,  while 
the  parullol  action  of  the  propeller  is  retained. 

More  recently  this  same  principle  has  been  adopted  in  an  inge- 
nious apparatus  designed  by  Mr.  C,  G.  Gumpel,  and  patented  by 
him  a  short  time  since,  Plate  XVII.  shows  various  views  of  the 
apparatus  alluded  to.  Beneath,  or  flush  with  the  level  of  the 
bottom  of  the  vessel,  is  placed  a  rectangular  channel,  running  fore 
and  aft,  and  expanded  at  the  centre  into  a  large  chamber^  aboT6 
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e  placed  two  cylinders,  fitted  with  water-tight  pistona.  If 
we  suppose  one  of  these  pistons  to  ascend,  water  will  evidently 
enter  the  channel  and  fill  up  the  cylinder  beneath  it,  following  the 
piston  as  it  rises,  and  its  descent  will  of  course  be  accompanied 
with  the  expulsion  of  the  water  beneath  it ;  and  the  action  of  the 
apparatus  is  such,  that  when  one  piston  ia  ascending  the  other 
is  descending,  a  regulating  valve  being  introduced  in  the  large 
chamber  mentioned  above,  which  so  acts  that  the  water  passing 
through  the  propeller  enters  at  the  fore-end  of  the  channel,  and 
passes  out  at  the  after-end,— the  orifices  through  which  it  passes 
being  capable  of  a  variation  of  area  to  suit  the  velocities  at  which 
it  may  be  desired  to  propel  the  vessel.  In  the  Plate,  Fig.  1  repre- 
sents a  longitudinal  section,  and  Fig.  2  a  plan  of  the  apparatus, 
A  B  is  the  channel,  C  D  are  the  pistons,  E  E  the  regulating  valve, 
I 'Aown  in  position  suitable  when  G  is  ascending  and  D  descending : 
MD  the  contrary,  k  b  shows  the  position  of  the  valve. 
P  It  would  be  premature  to  advance  any  decided  opinion  on  the 
practical  utility  of  this  invention  ;  but  the  author  can  testify  to  the 
salisfactory  results  of  numerous  experiments  tried  with  a  small 
stodel  at  various  times  and  under  a  variety  of  adverse  ciroum- 


CHAPTER  XVn. 


ON  VARIOUS  APPLICATIONS  OP   3TEAM-P0WER,  AND 
APPARATD3  CONNECTTED  THEREWITH. 


In  the  foregoing  cliapter8  we  tare  treated  especially  of  tioM 
fprras  of  machinery  and  processes  which  are  of  common  applica- 
tion, in  which,  however,  numerous  applications  of  steam-poffer 
and  appendages  to  prime  movers  have  of  necessity  been  passed 
over ;  wherefore,  the  following  pages  will  be  devoted  to  the  oMi- 
Bideration  of  some  of  the  subjects  previously  omitted. 

We  will  commence  with  stationary  engines.  Of  theae  llw 
pumping  engines  appear  to  be  the  first  found  of  practical  utilitT, 
and  even  at  the  present  day  the  Cornish  pumping  engine  of  1835 
is  scarcely  surpassed  in  point  of  economy ;  but  ibe  improvemeiits 
suggested  by  Mr.  Wicksteed  in  adapting  the  pump-work  to  watar- 
works  purposes,  and  other  improvements  of  less  importance,  have 
produced  a  greater  economy,  as  is  clearly  shown  in  the  compurison 
of  long  working  of  the  two  engines  at  the  East  London  Water- 
works as  compared  with  the  two  best  engines  in  Cornwall.  (&* 
"  Further  Elucidations,"  &c.     Weale,  1859.) 

It  may  be  interesting  here  to  pause  for  a  moment  to  compart 
the  economy  of  engines  built  twenty  years  ago  with  those  of  lbs 
present  day ;  but  we  are  at  once  confronted  with  a  difBuuIty  not 
easily  surmounted,  namely,  the  want  of  reliabk  experiments,  Ei- 
perimenW,  it  is  true,  are  recorded  in  sufficient  number,  but  llis 
reliability  of  many  of  these  is  indeed  very  questionable,  for  theT 
are  usually  continued  for  about  twenty-four  hours  or  less,  and  tlifi 
results  of  this  short  working,  if  considered  favorable,  are  then  re- 
ported. The  inutility  of  such  trials  is  sufficiently  evidenced  ViT 
the  table  on  page  5  of  Mr.  Wicksteed's  "Experimental  Enquiry," 
published  in  1841,  which  shows  the  results  of  short  trials  upon 
the  same  engine  with  coals  taken  from  the  same  heap ;  the  miui- 
mum  duty  produced  by  94  lbs.  of  coals  was  63,650,293  ft.-lbs. 
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'ftid  tbe  maximnHi  duty  rcncheil  118,522,475  ft.-lba.,  or  noarlj 
twice  the  Tninimum  duty,* 

The  existence  of  Buoh  facts  as  these  will  naturally  make  those 
inlereated  in  the  economy  of  steam-power  careful  to  know  the  cir- 
cumstanc-cs  under  which  engines  are  experimented  upon,  to  avoid 
the  disappointment  of  finding  the  working  economy  of  steam- 
power  far  inferior  to  that  dedueed  from  experiments.  The  only 
cases  which  can  be  quite  satisfactory  to  the  practical  man  are 
those  where  all  the  particalara  of  the  trials  are  published ;  such, 
for  instance,  as  quantity  of  water  evaporated,  duration  of  trial, 
Btato  of  fires,  &c,,  &c. :  the  duty  given  alone,  without  any  account 
of  the  evaporative  value  of  the  fuel  used,  heing  almost  useless. 
Suppose,  for  instance,  the  consumption  of  fuel  only  in  the  "Thetis" 
and  "  Inca"  during  the  experiments  published  some  time  since,  be 
taken  into  consideration,  it  will  give  a  vast  superiority  to  the  for- 
mer, whereas,  when  allowance  is  made  for  the  different  evaporative 
values  of  the  fuel  employed,  the  difference  of  economy  in  the  two 
^■essels  is  small.  The  only  trials  with  which  we  are  acquainted 
which  supply  all  that  can  be  desired,  are  those  published  in  the 
"Experimental  Enquiry"  alluded  to  above,  and  we  are  further 
strengthened  in  the  opinion  that  no  others  are  extant  from  the  re- 
marks in  Bourne's  "  Treatise  on  the  Steam -Engine,"  new  edition, 
]>age  110,  which  are  as  follows.  Having  reference  to  the  com- 
parison of  theory  with  experiment  Mr.  Bourne  says: — "In  order 
to  test  the  practical  value  of  this  theory,  it  will  be  useful  to  com- 
pare its  results  with  those  of  the  experiments  which  were  made 
by  Mr.  "Wicksteed  on  the  large  Cornish  pumping-engine,  built 
under  the  direction  of  that  eminent  engineer  by  Me^rs.  Uarvoy 
and  West,  for  the  East  London  Waterworks,  at  Old  Ford,  and 


VvThis  opinion  is  completely  corroborateil  bj  the  fotlowinj;  atatetnent  of  the 
J  done  bj  tbo  Fowe;  CunsoU  engine  ul  the  well-known  triul  in  183S.  nbich 
a  far  jnperior  lo  thul  during  the  working  of  the  gntne  engine  for  long 
{See  "  Farther  Elneidolions,"  p.  14,) 
I  JLt  the  IweDtf-foDr  hoars'  trial 
L'Bighest  (lutj  in  any  one  moolh  during 

eleven  yea-n 

L  ^Tef»ge  dnty  for  the  jew  1635  . 
e  moBth  before  the  trint  .  , 
e  month  of  the  trial  .... 
te  month  after  the  trial    .    .    . 


134,100,000  ft.-lbs.  per  cwt. 


99,422.801 
86.44fi,2G9 
93.034,32a 
g4.9I2,!i48 
9T,S5g,843 
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whicTi  were  published  in  1841,     The  dimcnaiona  and  stractuffli"* 
the  engine  and  the  details  of  the  experimenta  are  stated  with  such 
minuteness  and  precision  tliat  there  ia  none  of  that  uncertainty  ro- 
apeoting  the  circumatanues  of  particular  cases  which  ia  the  d 
frequent  cause  of  failure  in  the  attempt  to  apply  theoretical  pri 
eiplea  to  practice," 

We  have  dilated  somewhat  upon  this  subject,  as  it  is  of  vital 
importance  to  the  progress  of  steam -engineering  to  be  acquainted 
with  the  actual  success  or  otherwise  of  the  various  forms  of  steam- 
engines.  In  1859  Mr.  Wicksteed  published  an  account  of  the 
duty  of  the  "  Wicksteed"  engine  at  the  East  Loudon  Waterworks 
obtained  from  three  years'  working,  which  of  course  can  leave  no 
doubt  upon  the  mind  aa  to  reliability. 

We  will  now  compare,  as  far  as  our  means  will  allow  us  to  d 
BO,  the  results  of  certain  pumping  engines. 

From  Mr.  Wicksteed's  experiments  (18il)  wo  find  that  a  dal] 
of  108,198,102  fl,-lbs,  per  cwt,  of  fuel  was  obtained  on  a  longtri 
of  the  Cornish  engine  of  the  East  London  Waterworks ;  122,37^1 
128  fl..!bs.  at  the  trial  of  the  Holmbush  engine ;  130,2-18,384  ft.-Ih 
at  the  trial  of  the  Fowey  Consols  engine.     From  the  working  i 
the  "Wicksteed"  engine  for  three  years,  a  duty  of  109,000,000"' 
fli,-lbs.  is  obtained,  for  best  Welsh  coal.     (See  Mr.  Wickst^iod's 
pamphlet,  "Further  Elucidations,"  &o,  1859,) 

As  a  specimen  of  more  recent  construction,  we  may  refer  to  an 
engine  erected  for  the  Chelsea  Waterworks'  Company,  and  reported 
upon  by  Mr.  Joshua  Field,  April  9th,  1857.     The  trial,  as  reported, 
lasted  for  24  hours  only,  and  a  duty  of  103,900,000  IV-lbs,  per  cwt   , 
of  coal  was  obtained,*     This  result  shows  not  only  an  absenoo  otM 
improvement,  but  an  inferiority  to  the  above-mentioned  engiofl^a 
which  might  scarcely  be  expected  when  we  view  the  general  i 
provements  effected  during  the  last  twenty  years.     The  Corni 
engine  above  referred  to  was  constructed  about  1835, 

In  the  Cornish  engine  the  motion  of  the  plunger-pole  is  con- 
trolled only  by  the  iutcrnal  resistance,  the  plunger-pole  of  the 
pump  being  suspended  from  the  end  of  the  beam,  and  no  fly-wheel 
being  employed,     liecently,  fly-wheels  have  been  applied  to  pump^J 
ing  engines,  but  without  producing  satisfactory  results. 
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Formerly,  beam  engines  were  universally  employed  to  dri  ve  mill 
work,  when  large  power  was  required ;  and  in  fnct  Newcoraen's  type 
appears  to  have  formed  the  basis  of  all  the  earlier  engines ;  beams 
being  nscd  for  marine  engines  also.  The  advantages  attendant 
upon  more  compact  forms  of  machinery  did  not  long  remain 
unobserved,  and  recently  beam  engines  have  been  almost  entirely 
superseded  by  direct  action  engines  for  marine  purposes,  where 
economy  of  space  is  a  desideratum.  A  great  many  of  the  improve- 
ments effected  in  the  construction  of  stationary  or  land  engines 
have  arisen  not  so  much  from  the  necessity  of  improvement  in  this 
one  class,  as  from  the  restrictions  under  which  the  engineer  acta 
when  designing  steam-machinery  for  marine  and  locomotive  pur- 
poses. The  difficulties  attendant  upon  the  adaptation  of  steam- 
power  under  the  circumstances  last  referred  to  necessarily  in- 
crease in  proportion  as  the  space  at  command  diminishes ; 
wherefore  the  engines  of  the  small  river  steamers  are  generally 
more  compact  in  form  than  the  bulky  machinery  of  the  larger 


Among  the  particulars  not  hitherto  specially  entered  into  we 
may  mention  various  contrivances  for  facilitating  the  consumption 
of  the  smoke, — the  principle  of  them  being  in  itself  exceedingly 
simple,  as  all  that  is  necessary  in  order  to  ensure  the  consumption 
of  the  smoke  is,  to  mix  a  sufficient  quantity  of  atmospheric  air 
with  the  same,  at  a  temperature  not  lower  than  that  at  which  tbo 
gases  burn.  Notwithstanding  the  apparent  simplicity  of  this 
operation,  the  means  of  carrying  it  into  practice  do  not  readily 
present  themselves,  aa  appears  evident  from  the  great  number  of 
methods  which  have  been  proposed  to  obviate  the  nuisance  and 
waste  given  rise  to  by  the  evolution  of  smoke.  Prideaux'a 
furnaces  appear,  upon  the  whole,  to  bo  best  calculated  to 
effect  the  desired  end  with  economy;  but  one  of  the  chief 
requisites  to  emoke  consumption  consists  in  properly  managing 
the  fires. 

Another  source  of  economy  which  has  lately  been  much  used 

consists  in  superheating  the  steam ;  that  is  to  say,  impartiug  to  it 

I  temperature    higher   than  that  due  to  its   pressure;   thereby 

MToiding,  in  some  degree,  condensation  in   the   steam- cylinder. 

lie  steam  may  be  superheated  by  contact  with  hot  flues  pasa- 

ftvig  through  the  steam  space  of  the  boiler,  or  the  oteam  may  be 
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eauseci,  in  passing  from  the  boiler  to  the  engine,  to  traverse 
placed  in  the  uptake  of  the  chimney-shaft  or  passing  through  the 
fiirnace.  The  introduction  of  superheated  steam  has,  in  aume 
oases,  heen  found  useful  in  the  absence  of  the  st-eam-jacket,  which 
consists  of  an  outer  cylinder  or  Jacket  placed  around  the  working 
cylinder  of  the  engine,  the  small  annular  space  left  between  the 
two  being  kept  full  of  steam  from  the  working  boiler,  or  from 
a  separate  boiler.  Sometimes  the  steam-jacket  ia  replaced  by  a 
hot-air  jacket,  and  in  every  case,  whether  the  cylinder  be  jacketed 
or  not,  it  Hliould  always  be  well  clothed,  to  avoid  the  radiation  of 
heat  from  it-s  surface  into  the  surrounding  air.  Clothing  should 
also  be  applied  to  the  boiler  and  steam-pipes,  and  in  some  oases 
a  very  great  amount  ia  requisite ;  such,  for  instance,  as  that  of  the 
locomotives  designed  to  traverse  the  ice  in  the  frozen  regions  of 
Siberia.  Under  these  circum stances,  thick  coatings  of  felt,  covered 
with  coatings  of  wood,  may  with  advantage  be  employed,  the  cylio- 
dera  being  similarly  protected.  Loss  of  heat  from  the  sides  of 
fluea  of  stationary  boilers  may  be  much  reduced  by  leaving  an 
air-space  around  them,  completely  closed  in  by  masonry,  so  that 
the  air  cannot  circulate.  It  is  frequently  necessary  to  supply  the 
stationary  and  other  boilers  with  small  feed-pumps,  which  may  be 
worked  by  hand  or  by  donkey-engines. 

Large  marine- engines  are  also  very  commonly  supplied  with 
small  .steam-cylinders  to  work  the  starting-gear. 

The  means  of  ascertaining  the  amount  of  duty  obtained  from 
rotating  engines  are  very  insuffioient,  the  indicator  and  the  friction- 
brake  being  most  commonly  used.  The  iudicator  consists  of  a 
small  brass  cylinder,  furnished  with  an  accurately-fitting  piaton, 
".apable  of  moving  steam-tight,  but  with  very  little  friction ;  this 
piston,  when  unacted  on  by  any  other  force,  is  retained  at  ths 
lower  end  of  the  cylinder  by  a  spiral-spring  above  it.  It  carrits 
a  piston  rod,  to  which  is  attached  a  pencil-holder,  which,  when 
the  instrument  is  required  for  use,  is  furnished  with  a  pencil,  the 
point  of  which  rests  upon  paper,  which  is  caused  to  move  urnier 
it  in  a  direction  at  right  angles  to  the  axis  of  the  cylinder  of  t'"' 
indicator,  the  motion  being  derived  irom  some  part  of  the  enginft 
Tf  ihia  indicator  be  attached  by  its  lower  extremity  to  the  cyho- 
dcr  of  the  steam-engine,  it  is  evident  that  when  steam  enters  the 
working  cylinder,  the  indicating  piston  will  rise,  compressing  tho 
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above  it,  tlie  amount  of  compression  being  proportional  to 
le  pressure  of  the  steam,  and  as  the  engine  moves  the  card  also 
under  the  pencil ;  thus  a  diagram  is  obtained,  showing  the 
re  of  steam  in  the  cylinder  at  every  part  of  the  stroke  of 
engine,  and  from  such  a  diagram,  the  mean  pressure  of  Steam 
the  cylinder  during  one  stroke  may  readily  be  calculated,     Th« 
horse-power  calculated  for  this  mean  pressure  is  called  the  indi- 
cated horse-power. 

The    friction-brake   in  its   common   form  consists  of  a  baud 

mtaining   wooden   blocks,   which   is   placed   around   the   main 

laft  of  the  engine,  and  tightened  up  until  the  same  is  brought 

its  accustomed  speed ;   then,   from   the  extremity  of  au  arm 

fixed  to  the  Imnd,  weights  are  suspended  until  the  arm  remains 

horizontal.     The   amount  of  work   done  by  the  engine  in  any 

given  time  is  calculated  by  multiplying  the  weight  attached  to 

brake   by  the   distance  of  their  point  of  suspension   from 

centre  of  the  main  shaft,  and  by  the  number  of  evolutions  of 

le  same. 

Steam  carriages  and  traction  engines  for  common  roads  have 
ily  attracted  much  attention,  and  many  ingenious  forms  have 
designed  and  executed,  and  frequently  exhibited  in  the  me- 
ipolis;  and  for  some  time  past,  Bray's  traction  engines  have  been 
.uch  used.     These  engines  are  not  intended  so  much  for  speed  aa 
draw  heavy  loads  at  a  small  cost ;  hence,  gearing  is  employed  to 
uce  the  speed  of  the  engine, — toothed  wheels  being  sometimes 
ifOnployed,  and  sometimes  chains.     With  the  former  some  incon- 
venience is  found,  when  running  on  rough  roads,  from  the  varia- 
tion of  distance   between   the   toothed  wheels,  which  of  course 
interferes  with   their   smooth  action.     In  Messrs.  Longstaff  and 
.Fullan's   engine,    the   cylinder  and   its   attachments   are   placed 
ipon  frames  capable  of  moving  upon  an  axi.s,  so  as  to  allow  the 
heel  to  rise  and  fall  over  the  inequalities  of  the  road 
Ivithout  aflfecting  the  distance  between  the  centres  of  the  toothed 
'heels. 
A  very  light  form  of  steam-carriage  has  been  designed  for  com- 
roads  by  Messrs.  Yarrow  and  Hilditch,  in  which  arrange- 
1  are  made  to  prevent  the  action  of  the  springs  to  which  the 
:viiig-wheela  are  attached  from  interfering  with  the  motion  of 
slide-valve ;  but  the  absence  of  bom  plates  allows  lateral  strain 
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iSkS  rod,  &c.,  and  until  this  is  supplied  tlie  action  of  the 

lachiiie  ua>  t  be  relied  upon. 

We  hn\  ow  concluded  the  few  remarks  whicli  appeared  de- 

ijable  to  1  ier  the  previous   descriptions   more  complete.     It 

>uld  be  uti  ly  impossible,  in  ordinary  limits,  to  notice  one  tithe 

I  the  varioj  forms  in  which  the  steam-engine  exhibits  itself  but 

'6  have  ei  vored  to  select  examples  aa  general  as  possible. 


CHAPTER  XVin. 


ON   PUSIPIKG   KNOINES. 


Tberk  is,  perlmp;!,  no  method  of  imparting  information  prao- 
tically  more  eftbctivo  than  that  which  is  based  upon  the  illustration 
of  good  examples,  which  show  at  a  glance  the  manner  in  which 
ecientiiic  principles  are  rendered  available  for  the  daily  purposes 
of  mankind ;  and  such  a  treatise  aa  the  present  would  certainly 
be  very  incomplete  without  some  detailed  account  of  the  present 
practice. 

We  have  selected,  in  order  to  exemplify  the  most  useful  forma 
of  pumping  engines,  two  erected  by  Mr.  Wickateed,  through 
whose  courtesy  we  are  enabled  to  supply  the  plates  and  descrip- 
tion of  the  same. 

Plates  XVm.  and  XTX.  illustrate  the  Grand  Junction  engine, 
erected  at  the  Grand  Junction  Waterworks,  at  Kew.  It  is  con- 
structed on  the  same  principle  as  the  celebrated  "  Wicksteed" 
engine,  subsequently  erected  at  the  East  London  Waterworks,  and 
was  executed  by  Messrs.  Sandys,  Came,  and  Vivian,  the  contract 
being  dated  1845, 

Plate  XVIII.  shows  a  general  elevation  of  this  engine,  tt  Is 
the  steam-cylinder,  which  is  surrounded  by  jairketing  and  clothing; 
6  is  the  valve-casing  and  framing  for  valve-gear,  which  gear  is 
actuated  by  tappets  on  the  plug  rod  c ;  (/  is  the  piston  rod,  the 
upper  extremity  of  which  is  attached  to  a  parallel  motion,  ef,  q  h, 
J,  of  which  the  centres  e/  g  and  A  are  movable,  the  centre  j  being 
fi-'ced ;  this  parallel  motion  is  joined  at  j  A  to  the  main  or  working- 
l  beam,  and  to  that  extremity  of  the  latter  to  which  the  parallrf 
Imotion  b  attached,  is  fixed  a  catch-beam  t,  to  prevent  the  piston 
lescending  too  low.  The  main  beam  is  supported  at  the 
p're  of  its  length  upon  a  gudgeon  resting  in  bearings  carried  by 
l^otablature  supported  upon  columns,  s&  aliown. 

13  W3. 


< 
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Jasfling  from  the  main  centre  just  deacribetl,  we  first  come  I 
a  rod,  by  which  the  j'ced-pump  I  is  worked.  The  motion  oF  this 
rod  ia  rendered  nearly  rectilineal  by  connecting  it  with  a  parallel 
motion  which  extends  to  the  end  of  the  beam,  and  to  which  is 
attached  the  rod  actuating  the  air-pump  m.  From  the  end  of  the 
beam  the  plunger-pole  o  is  suspended,  which  works  vertically  in 
the  barrel  of  the  main  pump,  p ;  upon  this  plunger-pole  Ls  fixed 
a  table,  carrying  weights,  which  are  enclosed  in  the  casing  tv:  nia 
the  hot  well  placed  above  the  air-pump  n,  and  it  is  from  this  hot 
well  that  water  is  drawn  by  the  leed-pump  I  to  supply  the  boiler 
which  furnishes  the  engine  with  steam,  r  is  the  eduction-pipe 
leading  from  the  cylinder  to  the  condenser,  which,  together  with 
the  air-pump,  k  placed  in  the  cold-water  well.  In  addition  to  the 
iletails  shown  in  the  elevation,  there  are  two  cataracts, — one  on 
either  side  of  the  valve-gear.  The  general  arrangement  of  the 
engine  having  been  now  explained,  we  will  proceed  to  describe 
each  part  in  greater  detail. 

The  cylinder  is  bedded  upon  a  mass  of  masonry,  to  which  it  is 
secured  by  six  long  holding-down  bolts,  furnished  with  nuts  at 
their  upper  extremities  and  fixed  at  the  lower  by  washers  and  gibs. 
These  bolts  are  about  two  and  a  half  inches  in  diameter,  and  de- 
scend through  masonry  to  a  depth  of  about  fourteen  feet.     Upon 
the  masonry  rests  the  casing  of  the  cylinder-bottom,  the  total 
height  of  which  ia  about  two  feet,  and  it  is  upon  the  lower  flange 
of  this  cylinder- casing  that  the  hollow  struts  are  placed  to  receive 
the  upper  extremities  of  the  holding-down  bolts.    Tliese  struts  aw 
two  feet  eight  inches  high  from  the  floor,  and  the  thickne.s3  of  the 
metal  is  oue  and  a  half  inches  at  the  lower  part,  reduced  to  one-aatl- 
a-quarter  at  the  upper.     The  casing  for  the  cylinder- bottom  con- 
sifits  of  a  abort  cylinder  cast  in  one  piece  of  the  cover,  which  w 
convex  downwards,  and  it  is  closed  by  a  loose  bottom, — the  spaix 
between  the  top  and  bottom  of  this  casing,  inside,  being  at  tbo 
centre  about  seven  inches  and  a  half,  and  at  the  circumfereaoe 
about  eigbtcpn  inches.     Upon  this  casing  rests  the  cylinder,  of 
which  the  internal  diameter  is  about  seven  feet  six  inches:  tba 
thickness  of  metal   being   about   one   inch   and   three  quarWrfc 
Round  the  tyUnder  is  the  jacketing,  between  which  and  the  cyliO' 
der  a  stenm-space  is  left;  an.!  the  flanges  of  the  casing  for  it^ 
cylinder-bottom  and  the  cylinder  and  the  jacket,  itc  all  bolwo 
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together,  forming  a  joint,  shovpii  Fig.  90,  which  is  drawn  to  a  scala 
of  one  inch  to  a  foot.     Outside  the  jacketing  is  an  air  space,  sur- 
rounded  by  timlier  clothing.     Similar   precautions  to  those  dc- 
^Bttn'ibed  al>ove  for  preventing  loss  of  heat   are  observed  in  the 

V^BoDstruction  of  the  cylinder-cover,  through  which  the  piston  rod 
passes,  steam-tight,  by  means  of  an  ordinary  gland.  The  diameter 
of  the  piston  rod  is  about  eight  inches. 

In  order  to  render  evident  the  arrangement  of  the  valves  and 
valve  gear,  we  must  refer  to  Plate  XIX.,  in  which  two  elevations 
of  the  gearing  arc  ahown,  A  glance  at  the  front  elevation  of  the 
valves  shows  that  four  are  Bupplied:  they  are  double-beat  valves, 
having  the  top  and  bottom  b^ats  of  equal  diameter,  three  being 
placed  at  the  upper  end  of  the  cylinder,  and  one  at  the  lower. 
The  three  upper  valves  are,  the  starting- valve,  the  steam-valve 
(through  whit.^h  steam  is  admitted  to  the  upper  extremity  of  the 
cylinder),  and  the  equilibrium- valve  (through  which  steam  passe-s 
from  the  upper  to  the  lower  side  of  the  piston).  The  lower  valve 
is  the  exhaust,  through  which  the  steam  ]ia39es  from  the  lower 
side  of  the  piston  into  the  condenser.  To  each  of  the  three  upper 
valves  is  attached  a  stem,  passing  through  a  stuffiug-box  and 
through  a  guide ;  this  stem  is  acted  upon  by  the  short  end  of  a 
lever,  the  position  of  which  is  indicated  by  the  dotted  lines-  From 
the  longer  end  of  the  lever  a  rod  descends,  of  which  the  lower 
ity  is  attached  to  an  arm  carrierl  by  one  of  the  weigh-shafts 
the  valve  gear ;  the  arrangements  being  such  that,  when  the 
Ive  rods  and  the  arms  to  which  they  are  attached  are  in  thu 
straight  line,  the  valves  are  closed.     The  exhaust-valve  ii 
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similarly  actuated ;  but  in  tbia  case  the  lever  to  which  the  y 
rod  is  attached  ia  bent.  In  connection  with  the  valve  gear  are 
three  weigh-ahafta, — the  upper  one  bciug  connected  with  the 
Rteara-valve,  the  centre  one  with  the  equilibriiun-valre,  and  the 
lowest  with  the  exhaust- valve.  The  three  weigh-ahafts,  which 
we  shall  designate  the  steam,  equilibrium,  and  exiiaust-vaive  shafVi, 
are  marked  a,  b,  and'c,  reapcutively,  in  both  views.  To  these 
shafts  are  keyed  arms,  a  d,  be,  and  cf,  from  the  extremities  of 
which  rods  are  suspended,  connected  at  their  lower  ends  with  cast- 
iron  balance-levers,  to  which  are  hung  weights.  The  tendency  of 
these  weights  ia  to  open  all  the  valves.  Aaother  set  of  arms  ia 
also  attached  to  the  weigh-shaft^  by  means  of  which  the  valves 
are  closed ;  these  arms  or  handles  are  shown  in  both  views  at  a  g, 
b  h,  and  c  »'.  It  will  ha  observed  that  the  weight  in  connection 
with  the  shaft  a,  when  descending,  opens  the  steam-valve  and 
causes  the  arm  «  17  to  rise  to  the  position  shown  in  the  dotted 
lines.  The  weight  connected  with  the  shaft  h,  in  descending, 
opens  the  equilibrium- valve  and  throws  the  handle  6  k  down  to 
the  position  shown  by  the  dotted  lines,  and  the  weight  acting 
upon  the  bottom  shaft  opens  the  exhaust-valve,  and  raises  the 
handle  c  i ;  hence  we  see  that  the  valves  are  opened  by  the  de^oeat 
of  the  weights.  We  must  next  observe  the  means  of  closing 
them.  The  plug-frame  consists  of  two  rods,  mm,  mm.  These 
rods  carry  tappets,  k,  I,  and  71.  Let  us  suppose  that  the  en^ne  ia 
about  to  make  a  down-stroke:  then  the  arms  a  g  and  c  i  will  bo  in 
their  highest  positions ;  as  the  plug-rods  descend  the  tappeta  k 
will  strike  the  arms  a  p,  and  depress  them,  thereby  closing  the 
steam-valves  and  raising  the  balance -levers  connected  with  the 
shaft  a,  and  subsequently  the  tappet  /  strikes  the  arm  c  i,  closing 
the  exhaust-valve  and  raising  the  balance-levers  connected  with 
the  shaft  c.  These  arms,  thus  depressed,  are  retained  in  the  posi- 
tion into  which  they  are  thrown  by  means  which  will  subsequently 
be  described, 

"When  the  engine  is  about  to  make  an  up-stroke,  the  arm  h  i 
is  in  its  lowest  position,  the  equilibrium -valve  being  open,  Duriog 
the  ascent  of  the  plug-frame  the  tappet  n  raises  the  arm  h  A,  closir»(! 
the  equilibrium- valve,  and  raising  the  balance-lever  connect^ 
with  the  shaft  h,  this  position  being  retained  by  means  of  acalc?fc- 
It  is  now  necessary  to  explain  the  manner  in  which  the  catd*** 


PCMPISG    EXCISE: 


197 

!  assisted  by  tlie  woodcut,  tig.  91,  ia 
rhicb  a,  6,  and  c  are  the  three  weigh-shaf^s,  to  which  are  attached 
quadrants,  as  shown,  being  fixed  at  the  ends  of  the  shafts.  When 
the  hajidlea  are  acted  upon  by  the  tappets,  the  sbafU  revolve  so 
that  the  quadrants  assume  the  position.'^  sbown  in  the  woodcut,  in 
which  they  are  retained  by  the  pins  attached  to  levers,  moving 
^L  upon  fulcra,  x,x,x,  and  cquilibriatcd  by  weights  w,  w,  w.     If  tha 

^r  catches  be  raiaed  the  balance-levers  cause  the  quadrants  to  assume 
the  positions  indicated  by  the  dotted  lines,  the  pins  in  the  catch- 
levers  then  resting  upon  their  peripheries.  The  extremities  of 
these  catch-levers  are  shown  (Plate  XIX.)  at  a'b'c'.  We  have  now 
ahown  how  the  valves  are  closed,  aud  retained  closed,  but  it  yet 
remains  to  show  how  the  catches  are  raiser  I  to  allow  the  balance- 

levers  to  open  the  valves.     This  is  effected  by  cataracts,  of  which 

I  there  are   two,   shown   at  oo,    Plate  XIX.     These  cataracts  are 
of  pumps,  fitted  with  a  solid  plunger  paeked  with  leather, 
leir  action  is  as  follows :  Upon  the  plug-rods  m  m  are  fixed  lap- 
pets p  q,  which  act  upon  levers  p  r  and  qr.     During  the  down  or 
lindoor-stroke,  the  tappet  q  depresses  the  end  of  the  lever  q  r,  wind- 
I  iog  the  band  s  around  the  pulley  t,  and  drawing  down  the  end  u 
if  the  rocking-beam  u  v,  and  elevating,  therefore,  the  end  v  of  the 
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beam ;  at  the  same  time  drawing  down  tlie  rod  i.  u  ami  pusluug 
up  V  V,  thereby  raising  the  jiluiiger  of  the  cataract,  which  aa  it 
rises  draws  water  freelj  through  a  valve  from  the  cistern  below 
it ;  then  the  weight  on  the  plunger-rod  of  the  cataract,  together 
with  that  suspended  from  the  end  v  of  the  beam,  causes  the  plunger 
10  doaccnd,  fori:ing  out  the  water  from  beneath  it,  through  a  sto])- 
L'ock,  back  into  the  cistern  from  whence  it  was  taken, — the  velocity 
with  which  the  plunger  descends  being  regulated  by  the  opening 
of  the  cock.  In  concluding  its  down-stroke,  the  cataract  by 
means  of  the  rod  u  u,  releases  the  catches  on  the  top  and  bottoi 
weigh-shafts,  thereby  allowing  the  balancedevera  to  open 
steam  and  exhaust  valves,  when  the  engine  will  make  anotbw 
down  stroke.  The  cataract  on  the  opposite  side  of  the  engine  is 
raise<l  during  the  up-stroke,  and  releases  the  catch  on  tlie  shall  b, 
to  allijw  the  equilibrium -valve  to  open  to  cause  the  next  up-stroke. 
The  amount  of  waterway  alloweil  by  the  cataract-cocks  deter- 
nines  the  time  which  elapses  between  two  strokes,  and  thug  the 
.jpeed  of  the  engine  is  i-cgulated.  The  position  of  the  tappets  k  k, 
which  close  the  steam-valve,  admits  of  adjustment  by  means  of 
the  screw  y,  and  upon  their  height  with  regard  to  the  plug. rod 
depends  the  point  of  the  stroke  at  which  the  steam  will  be  cut  off. 
Their  length  is  necessary  in  order  that  they  may  hold  the  handles 
o  J  down  until  the  cataract  which  governs  the  catches  n'c*  has 
been  raised  so  aa  to  allow  the  catch  a'  to  secure  ibo  steam-valve. 
We  have  very  minutely  descriljed  the  form  and  action  of  the 
valve  gear  of  this  engine  on  account  of  its  complicated  character, 
in  order  to  leave  no  means  unemployed  by  which  it  could  be  ex- 
plained, as  it  is  highly  important  clearly  to  understand  this  beau- 
tiful part  of  the  mechanism  of  the  engine,  upon  which  its  action 
is  dependent. 

The  parallel  motion  is  formed  of  bars,  carrying  brass  bearings 
in  the  usual  manner.  The  main  beam  consists  of  two  beams 
braced  together,  its  length  from  cylinder  centre  to  the  pump  centre, 
is  thirty-six  feet  eight  inches,  each  of  these  centres  being  eighteen 
feet  four  inches  from  the  centre  of  the  beam;  the  depth  of  tha 
beam  at  the  centre  ia  about  seven  feet  six,  and  at  the  extremit 
about  two  feet  eight.  The  two  beams  are  braced  together  by 
ties,  one  and  a  quarttir  inches  in  diameter,  of  wrought-iron, 
through  distance-pieces  eight  inches  iu  diameter;  the  two  pieces 
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€if  the  beam  are  about  tbree  feet  Four  inclies  asunder,  the  metttl 
three  inches  thick,  aad  ttie  main  gudgeon  one  fixit  four  inches  in 
diameter.  The  distance  from  the  cylinder  centre  along  the  beam 
to  the  first  parallel  motion  centre,  is  eight  feet  four  inches,  and  to 
the  plug-rod  centre,  ten  feet  four  ieches,— the  latter  being  eight 
feet  from  the  maiQ  centre  of  the  beam  ;  the  feed-pump  centre  ia 
four  feet  seven  inches  from  the  main  centre,  and  the  air-pump 
centre  ten  feet.^the  latter  being  eight  fiiet  four  inches  from  the 
main-pump  centre.  The  parallel  motion  for  the  main  pump  is 
similar  to  that  for  the  piston  rod  ;  the  diameter  of  the  main-pump 
rod  is  eight  inches,  that  of  the  casing  containing  the  weights  is 

Pfive  feet  eight  inches  outside,  and  five  feet  five  inches,  its  height 
being  eight  feet  four  inches.  Below  the  casing  is  another,  carrying 
kwo  brai:ket-shapcd  projections  or  snugs  of  three-inch  metal,  which, 
by  falling  upon  sjiring  beams  at  the  tormination  of  the  outdoor 
stroke,  support  the  plunger-pole  and  weights.  Tlie  plunger  is 
hollow,  its  externa]  diameter  being  two  feet  nine  inches,  and  its 
internal  dianieter  about  two  feet  three  inches ;  the  pump  barrel  is 
about  three  feet  in  diameter,  its  metal  being  two  and  an  eighth 
inches  thick.  'ITie  valves  are  on  the  principle  of  Messrs.  Harvey 
and  West's  double-beat  valve,  the  lower  seating  being  two  feet  ten 
and  a  half  inches  in  diameter,  and  the  upper  beat  two  feet  three 
and  a  half  inches ;  a  collar  prevents  the  valve  from  rising  too  high, 
the  collar  itself  being  retained  by  a  three-inch  rod,  screwed  through 
the  top  of  the  valve  chamber. 

Both  the  valve  chambers  are  four  feet  three  inches  in  diameter, 

3ie  depth  of  the  tank  around  them  is  about  seventeen  feet  two 

hches,  the  bottom  of  the  tank  is  of  two  and  three-quarter  inch 

Ul,  the  sides  at  the  lower  part  of  three-quarter  inch  metal,  and 

t  the  upper  of  five-eighth  inch.     The  valve  chambers  are  two  and 

I  eighth  inches  thick,  the  water  from  the  discharge  valve  passes 

'"flirough  a  three-foot  pipe  to  the  stand  pipe,  the  plate  with  which  it 

ia  connected  being  one  inch  thick.     Tlie  spring  beams  on  each  side 

of  the  plunger  each  consist  of  seven  beams,  fifteen  inches  wide 

and  six  inches  deep,  with  a  bearing  between  the  supports  of  about 

Bix  feet  nine  inches,  the  supports  consisting  of  hollow  columns  of 

two-inch  metal.     The  distance  between  the  spring  beams  on  the 

^Hbiro  sides  is  six  feet  nine  inches,  the  anchoring  girders  for  the  par- 

^^blel  motion  are  eighteen  feet  long,  one  foot  six  inches  deep,  and 
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one  foot  ten  inches  deep  over  the  points  of  support  ;  they  a 
iron  trclhs  girders  of  one  anil  a  half  inuh  metal  in  the  webs,  the 
centre  to  which  the  parallel  motion  is  anchored  is  five  inches  dia- 
meter and  three  at  the  extremity,  and  the  distance  between  tie 
parallel  motion  bars  is  seven  foet  four  inches.  The  outside  dia- 
meter of  the  exhaust  pipe  is  about  one  foot  ten,  of  the  condenser 
about  three  feet  six,  and  of  the  air-pump  about  three  feet  three. 
The  action  of  the  engine  is  as  follows :  Suppose  the  engine  to  bo 
at  the  top  of  ita  stroke,  then,  when  the  cataract  which  governs  the 
steam  and  exhaust- valves  descends,  the  catches  will  he  released 
and  those  valves  will  open,  when  a  down-stroke  will  be  made, 
during  which  the  same  cataract  will  be  raised  and  the  steam  and 
exhaust- valves  closet!,- — and  at  the  same  time  the  plunger  will  be 
raised,  filling  the  pump  barrel  with  water ;  the  air-pump  will  also 
draw  a  certain  quantity  of  water  from  the  condenser.  The  engine 
will  then  pause  until  the  other  cataract  releases  the  equilibrium- 
valve,  when  the  weights  on  the  plunger-pole  will  cause  it  to  des- 
cend, closing  the  equilibrium -valve,  raising  the  second  cataract, 
and  drawing  the  piston  to  the  top  of  the  cylinder, — the  air-pump 
bucket  being  depressed  so  that  the  water,  &.C.,  drawn  from  the 
centre  during  the  up-stroke  of  the  pump,  passes  through  the 
buuket,  the  water  in  the  main  pump  being  at  the  same  time  ex- 
pelletl  through  the  discharge- valve.  It  must  here  bs  observed, 
that  in  the  Cornish  pumping  engines  the  injection  cock,  which  ad- 
mits condensation  water,  is  not  constantly  open,  but  is  opened  bj" 
the  valve  gear,  and  remains  closed  during  the  outdoor  stroke. 

This  description  aj>plie8  to  the  engine  as  originally  erected,  but 
now  the  pump  plunger  is  being  enlarged;  the  intention  being,! 
believe,  to  work  with  steam  of  higher  pressure.     Before  taki»J 
leave  of  the  Cornish  engine  it  may  be  desirable  to  give  some    »^ 
count  of  its  management.     When  it  is  desired  to  start  an  en^^W 
after  it  lias  been  at  rest  for  some  time,  it  is  necessary  to  worlc^  i' 
for  a  few  strokes  by  hand,  and  at  first  it  will  fail  to  complete     "t^e 
indoor  or  down-strobe  of  the  piston  on  account  of  deficient  vacnm-a"'' 
wherefore  the  exhaust-valve  will  not  be  shut  by  the  tappet,  wlm  i"^ 
will  not  reach  it.     The  equilibrtum-valve  is  now  gradually  opei^^'i 
and  the  engine  goes  slowly  out  of  doors :  when  the  equilibriuiJ- 
valve  is   closed,  first  the  exhaust  and   then   the  steam-valvo  w 
;illowed  to  open,  and  so  on,  until  the  engine  assumes  its  projwr 
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BtK>ke.  Any  variation  of  the  steam  pressure  will  of  course  be 
accompanied  by  varying  strokes,  but  this  must  be  counteracted  by 
working  the  governor  valve ;  and  the  length  of  stroke  may  be  ac- 
curately judged  by  obsarving  how  far  the  tappets  travel  along  the 
bandies  after  closing  the  valves.  It  will  from  the  above  be  evident 
that  these  engines  require  constant  attention,  as  otherwise  they 
might  miss  stroke  if  the  steam  fell  short ;  when  the  steam  stroke 
is  too  long,  catch-pieces  strike  upon  the  banging-boxes,  and  ring  a 
bel!  to  call  the  engineman'a  attention  to  the  fact. 

In  the  new  pumping  engine  which  is  now  in  course  of  erection 
at  the  Scarborough  Waterworks,  under  Mr.  Wicksteed's  superin- 
tendence, surface-condensation  is  employed.  This  is,  we  believe, 
the  first  application  of  a  surface- condenser  to  a  Cornish  pumping 
engine,* 

In  the  ordinary  Cornish  engine  only  one  cataract  is  used,  and 
the  plug-rod  in  descending  shuts  the  steam  and  exhaust-valve^ 
and  releases  the  equilibrium-valve ;  hence,  there  is  no  pause 
between  the  down-stroke  and  the  up-stroke,  and  the  injection- 
valve  ia  also  wrought  by  an  arm  attached  to  the  exhaust-valve 
weigh-shaft. 

Our  next  example  is  the  Boulton-and-Watt  pumping  engine 
erected  at  the  East  London  Waterwork.«,  under  the  superintendence 
of  Mr.  Wicksteed.  Plate  XX.  is  a  longitudinal  section  of  the 
engine.  It  will  be  observed  that  a  piston-pump  is  here  employed 
the  water  being  drawn  into  the  pump-barrel  during  the  upstroke 
of  the  steam-piston,  and  forced  into  the  mains  during  the  down- 
btroke  of  the  same.  This  is  the  principal  difference  between  this 
and  the  Cornish  engine,  but  the  details  of  the  two  engines  also 
dil&r.  It  will  not,  however,  he  necessary  here  to  give  a  complete 
description  of  this  engine,  as  from  our  previous  remarks  the 
Section  will  be  readily  understood,  and  will  give  all  the  infonna 
i  requisite. 

not  at  liberty  to  give  bd;  parlicDlara  ot  this  condenser,  as  Mr 
FiclcHteed  is,  we   beliere,  about  to  publish  hd  account  ol  the  new  engine  at 
I  ScarboroDgh  Waterworks  in  a  treatise  on   Pninping  Engines,  which  will 
Biftortly  appear. 


In  tte  preaent  chapter  we  propose  to  illustrate   two  : 
engines,  one  of  which  is  a  beam  engine,  and  the  other  a  hori- 
liontal  engine  on  Woolfe's  principle,  used  for  pumping, 

Plate  XXI.  is  a  longitudinal  section  of  a  b'.'am-engine ;  the 
cylinder  is  cast  with  the  bottom  upon  it,  in  the  centre  of  which 
is  left  an  aperture  to  admit  the  boring-bar,  tliia  aperture  being 
eubaequently  closed  by  a  door,  as  shown.  The  upper  end  of  the 
piston  is  attached  to  an  ordinary  parallel  motion,  jointed  to  the 
main  beam,  which  beam  is  carried  by  a  gudgeon  working  in 
bearings  supported  by  a  large  hollow  column;  beyond  this  gud- 
geon the  air-pump  rod  is  attached,  and  at  the  farther  end  of  tlie 
beam  is  the  connecting  rod,  the  lower  end  of  which  embraces  the 
crank-pin.  The  crank  is  firmly  keyed  oq  to  tlie  main  shaft,  which 
also  carries  a  fly-wheel  and  the  eccentric,  by  which  the  short  slide- 
valve,  which  regulates  the  admission  of  steam  to  and  its  emission 
from  the  cylinder,  is  worked.  A  common  two-ball  centrifugal 
governor  is  apjilied  to  this  engine. 

The  usual  cold-water  and  feed-pumps  are  also  applied.  It  will 
be  observed  that  the  column  supporting  the  entablature  to  whicii 
the  parallel  motion  is  anchored,  is  secured  to  a  tliick  lug  cast  on 
to  the  cylinder.  This,  however,  should  bo  avoided  where  possi- 
ble, as  inequalities  in  the  thickness  of  a  casting  are  very  likely 
to  produce  defects. 

It  will  be  observed  that  the  cylinder  of  this  engine  is  neither 
clothed  nor  jacketed,  whereby  economy  is  lost;  for  both  these 
precautions  should  be  adopted,  especially  when  superheating  id 
not  resorted  to. 

Plate  XXII.  exhibits  a  longitudinal  section  of  a  horizontal 
]  umpiug  engine  on  Woolfe's  principle.  At  the  extreme  left- 
hand  corner  is  placed  the  pump,  which  is  double-acting.     From 
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well  rises  s,  vertical  pipe.  leading  into  a  horizontal  pipe, 
passing  in  both  directions,  and  having  its  enda  curved  ut  right 
angles,  and  surmounted  by  spin  die- valves,  which  are  the  suotion- 
valves  of  the  pump.  From  the  upper  side  of  the  pump,  tubes 
proceed  into  a  horizontal  pipe,  and  where  they  join  the  same  the 
discharge  valves  are  placed.  Upon  the  upper  horizontal  pi|>e  is 
placed  the  air-vessel,  to  equalize  the  pressure  of  the  water  and 
prevent  the  occurrence  of  shocks.  To  the  plunger  of  the  pump  is 
attached  the  pump-rod,  which  terminates  in  a  cross-head,  carrying 
guide-blocks,  moving  between  guides.  To  the  same  cross-head  is 
fixed,  by  a  cotter,  a  piston  rod,  the  further  extremity  of  which  is 
(.■wnnected  to  the  piston  of  the  larger  cylinder,  shown  in  the  draw- 
ing. Abutting  upon  the  larger  cylinder  and  concentric  with  it,  is 
the  smaller  cylinder,  and  upon  the  two  cylinders  is  placed  the 
slide-valve  and  steam-chest,  with  various  passages  proceeding  from 
it.  The  smaller  cylinder  contains  a  piston,  the  rod  of  which  is 
"connected  with  a  cross-bead,  from  which  proceeds  a  connecting 
Tod  to  work  a  crank  fixed  upon  the  main  shaft  of  the  engine, 
"whioh  main  shaft  carries  a  fly-wheel  and  an  eccentric,  which 
TTorks  the  slide-valve.  To'  the  cross-head  last  mentioned  ia 
attached  a  link,  through  which  is  wrought  a  bell-crank,  having  a 
long  vertical  and  a  short  horizontal  arm.  From  the  short-arm 
links  are  carried  up  to  work  the  air-pump,  upon  the  top  of  which 
ia  placed  the  hot  well,  from  which  water  to  feed  the  boiler  is 
drawn  by  the  horizontal  feed-pump,  shown  to  the  right  of  the 
air-pump,  and  worked  by  a  link  attached  to  the  long  arm  of  the 
"bell-crank.  On  the  left,  of  the  air-pump  is  the  condenser,  with 
the  exhaust-pipe  entering  at  its  upper  extremity.  The  round 
opening  shown  iu  the  condenser  indicates  the  position  of  the 
injection -cock. 

The  action  of  this  engine  is  as  follows:  High-pressure  steam 
from  the  boiler  is  admitted  to  the  smatl  cylinder,  and  when  the 
small  piston  has  made  one  stroke  the  steam  is  allowed  to  escape 
into  the  large  cylinder,  and  act  by  expansion,  the  communication 
with  the  boiler  being  at  the  same  time  cut  oft)  aud  from  the  largo 
cylinder  the  steam  passes  to  the  condenser.  In  order  that  the 
pistons  may  work  together,  the  steam  which  enters  the  inner  end 
of  the  small  cylinder  passes  thence  to  the  inner  end  of  the  largo, 
and  vice  vena.    The  action  of  the  pumps  is  thus:  "When  the  air- 
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puinp  bucket  riacs,  condeusatioa  water  is  witlidrawTi  through  th-      " 

foot-valve  of  the  tiondeaser,  anil  on  the  desoent  of  tho  bucket  the  — . . 

water  beneath  it  passes  through  the  circular- valve,  which  moves  ^^e 
upon  the  air-pump  rod ;  and  when  the  bucket  rises,  this  water  is  ^^ 
expelled  through  the  circular  valve  which  covers  the  air-pump  ^r^ 
into  the  hot  well,  whence  a  portion  of  it  is  drawn  by  the  feed-  —  J 
pump,  which  is  of  the  plunger  description.  The  excess  of  water  — »:, 
passed  into  the  hot  well  escapes  through  a  waste-pipe.  The  con-  — ^ 
denser  and  air-pump  are  placed  in  a  cold-water  cistern. 

We  have  given  tltis  as  a  good  example  of  a  Woolfe  engine,^^^^ 
although,  considered  as  a  pumping  engine,  it  is  certainly  very  ia— ^q 
efficient,  being  very  inferior  (as  are  all  rotative  engines)  to  t 
Co)-niah  engine,  when  applied  to  raise  water. 


CnAPTER  XX. 


OS   MARINE   ENGC'ES. 


ThK  variety  of  engines  used  for  marine  purposes  appears  to  be 
more  extensive  than  that  of  any  other  class,  designs  innumerable 
having  been  originated  for  screw-propeller  engines.  Those  used 
for  paJdle-wheel  steamers  do  not  vary  so  much  in  design. 

Plate  XXIII.  ia  a  longitudinal  aection  of  a  aide-lever  marina 
engine  of  the  old  class. 

A  shows  that  end  of  the  sole-plate  to  which  the  cylinder  ia 
"bolted  ;  B  is  the  working  cylinder,  furnished  with  a  piaton  C,  ren- 
dered steam-tight  by  metallic  packing.  To  this  piston  is  attached 
the  pistou  rod  £!,  which  passes  through  a  stuffing-box  in  tlie  cover 
J?  of  the  cylinder ;  the  top  of  the  piston  rod  carries  a  cross-head, 
Tvhich  is  secured  to  it  by  a  gib  and  cottor-joint ;  from  the  extromi- 
■ties  of  the  cross-head  links  descend,  being  jointed  at  the  bottom 
to  the  side-levers,  of  which  there  are  two,  one  on  each  side  of  the 
engine.  These  side-levers  are  similar  in  form  to  the  working-beam 
of  an  ordinary  beam  engine.  One  of  the  side-levers  is  shown 
partly  dotted,  and  the  link  which  connects  it  with  the  cross-head 
of  the  piston  rod  is  also  shown  dotted.  ^  is  a  parallel -motion  link 
which  ia  attached  to  a  short  arm  S,  to  which  motion  is  imparted 
by  a  link  jointed  to  the  sido-lever.  Those  extremities  of  the  side- 
levers  which  are  diatant  from  the  cylinder  are  attached  by  gudgeona 
to  a  cross-tail,  keyed  to  the  lower  end  of  the  connecting  rod  0 ;  the 
upper  end  of  the  connecting  rod  carries  bearings,  retained  in  po- 
sition by  a  strap  secured  to  the  connecting  rod  by  a  gib  and  cotter 
joint.  These  bearings  embrace  the  crank-pin,  the  crank  being 
keyed  on  to  the  main  shaft  IT.  Close  behind  the  crank  the  main 
shaft  is  supported  in  be.irings  carried  by  a  plummcr-block,  bolted 
to  the  framing.  Behind  the  plummcr-block  is  the  eceoutric,  from 
which  a  trussed  rod  passes  to  a  short  arm  on  the  weigh-shaft  T, 
which  carriee  a  double  arm,  from  one  end  of  which  the  slide- valvea 
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lire  suspended  by  a  rod  U,  a  counterlialance  being  placed  at  iSM 
otlier  end  of  the  double  arm.  The  valves  are  of  the  H  form,  haifl 
iug  packing  behind  them.  ^ 

The  steam  having  been  admitted  to  the  cylinder,  and  having 
caused  the  piston  to  make  one  stroke,  it  passes  through  the  upper 
or  lower  passage,  as  the  case  may  be,  into  the  condenser  A',  where 
it  is  condensed  by  a.  shower  of  water  passing  through  the  iiiJectioD 
cock,  regulated  by  the  handle  F.  The  condensed  ateam  and  the 
vapor  are  subsequently  withdrawn  through  the  valve  L  into  the 
air-pump  f,  during  the  ascent  of  the  air-pump  bucket  J,  which  is 
worked  by  a  pump  rod  K',  carried  by  a  cross-bead,  coniiecled  by 
side,  links  with  the  sidedevers.  On  the  descent  of  the  pump- 
bucket,  the  water  kc.  beneath  it  passes  through  the  annular  valve 
around  the  pump  rod ;  and  when  the  bucket  again  ascends,  the 
water  &c.  upon  it  is  expelled  through  tlie  clack-valve  If  into  tl 
hot  well  P,  whence  a  portion  of  it  ia  drawn  by  a  feed-pump 
Hupply  the  boiler,  the  rest  passing  out  through  the  ship's 
Q  is  an  air-vessel  to  prevent  shocks.  The  air-pump  barrel 
rod  are  lined  with  brass,  ao  that  they  may  not  be  acted  upon  by 
the  injection  water.  The  passage  leading  from  the  condenser  to 
the  air-pump  is  continued  beyond  it,  terminating  with  a  chaml 
fitted  with  a  shifting  valve.  There  are  also  furnished  bilge  pi 
worked  by  the  side-levers,  but  not  shown  in  the  Plal«. 

It  will  be  observed  that  in  this  engine  care  is  taken  that 
injection  water  should  not  strike  against  the  sides  of  the 
unnecessarily ;  and  this  is  a  point  worthy  of  attention,  as  a  jet 
water  striding  an  iron  plate  will  not  fail  to  reduce  its  thickness. 

Plate  XXIV,  represents  an  elevation  and  section  of  a  direct- 
action  screw-propeller  engine :  the  air-pump  and  the  cylinder  on 
the  right-hand  side  of  the  plate  being  shown  in  section.  The 
cylinders  are  placed  in  a  horizontal  position,  one  on  either  side  of 
the  main  shaft.  Their  diameter  is  very  great  in  proportion  to 
their  stroke.  The  slide-valves  are  short,  being  enclosed,  as  usual, 
in  a  steam-chest  or  slide-jacket.  Stout  piston  rods  pass  througb 
stufRng-boxes  in  the  cylinder-covers,  and  terminate  in  guide-blocks 
moving  between  stout  horizontal  guide-bars.  The  guide-blocks 
are  attached  to  short  connecting  rods,  which  act  upon  the  crank  of 
the  main  shaft.  Each  slide-valve  has  a  pair  of  eccentrics  and  a 
link  to  work  it  similar  to  those  of  a  locomotive,  one  being  so  fixed 
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Bm  to  drive  tbe  engine  forward,  wbilst  the  other  is  adjitsk'.il  to  drive 
^B  backward.  This  link  is  raised  and  lowered  wlieu  necessary  bv 
Kteuns  of  a  rack  and  pinion  worked  by  a  hand-wheel.  The  air- 
^bump  ii  placed  vertically  beneath  the  main  shaft,  and  the  air-pump 
Bod  terminates  in  a  block,  working  between  vertical  guides.  This 
H|aidc-block  is  driven  by  a  short  crank,  by  means  of  a  coanecting 
Bbik,  to  the  head  of  which  two  other  links  are  also  attached  to 
Hlrork  the  remaining  pumps.  Upon  each  side  of  the  air-pump  are 
Kondensers,  upon  which  the  Rot  wells  arc  placed.  The  air-pump 
Ibncket  is  furnished  with  a  targe  aanular  valve,  as  shown. 
I  The  steam,  having  done  its  duty  in  the  cylinder,  passes  thence 
W  into  one  of  the  condensers,  whence  t!ie  condensed  steam  and  in- 
I'jection  water  arc  withdrawn  through  the  clack-valves  at  the  foot 

■  of  (be  air-pump.  On  the  descent  of  the  air-pump  bucket  the  water 
lieneath  it  passes  through  the  annular  valve,  and  when  it  again 
ascends  the  water  is  expelled  through  the  upper  clacks  into  the 
Hot  welU.  The  throttle-valve  is  shown  in  the  section  of  the  steam- 
pipe  above  the  right-hand  cylinder. 

The  foregoing  is  a  very  fair  example  of  one  class  of  screw- 
propeller  engines,  and  the  principle  is  very  frequently  adopted,  the 
BCTcw-propeller  of  the  Great  Eastern  being  driven  by  engines 
■having  horizontal  cylinders. 

As  the  space  is  very  confined  in  which  screw  engines  are  re 
quired  to  work,  trunk  engines  are  frequently  used.  Disc  engineii 
have  also  been  applied,  but  have  not  come  into  general  use.  In 
Stothert's  engines  the  cylinders  are  placed  above  the  screw-shaft, 
at  an  angle  of  45°  to  the  horizon. 

As  in  some  cases  where  the  air-pumps  are  furnished  with  metal 
valves  the  velocity  of  the  engine  is  injuriously  high,  tooth-gear  is 
applied  to  reduce  the  speed,  the  air-pump  belug  driven  from  a 
Beooiidary  shaft. 


CHAPTER  XXI. 


OJf   LOCOMOTIVE   ENGINES, 


The  general  form  of  locomotive  engines  neceasarily  admits  ot 
but  little  variation,  although  the  details  frequently  present  very 
different  features.  Plates  XXV.  and  XXVI.  are  illustrative  of  %i 
locomotive  engine  constructed  by  Messrs.  Robert  Stephenson 
Co.,  for  the  York,  Newcastle,  and  Berwick  Railway, — the  foi 
being  a  longitudinal  section,  and  the  latter  a  horizniilal  section. 

The  engine,  it  will  be  observed,  is  based  upon  stout  frami 
carried  upon  six  wheels,  the  centre  pair  acting  as  driving-whi 
The  boiler  of  this  engine  consists  as  usual  of  two  parts,  the  fii 
box  and  casing,  and  the  barrel.     T!ie  fire-box  is  about  three  ft 
six  inches  wide,  by  three  feet  nine  long,  and  five  feet  deep ; 
casing  around  it  being  four  feet  three  inches  wide,  four  foci 
inches  in  length,  and  six  feet  nine  in  height;  the  fire-box 
casing  being  stayed  together  by  394  ties.     The  fire-bars  whi< 
form  the  grate  are  placed  close  to  the  bottom  of  ihe  fire-box,  beii 
eighteen  in  number.     The  crown  of  the  fire-box  is  strengthei 
by  nine  ribs,  each  of  which  is  five  inches  deep  at  the  centre  iukI 
three  inches  at  the  extremities,  attached  to  the  crown  of  the  Qro 
box  by  nine  bolts.     The  flame  and  gases  pass  from  the  fire-box  to 
the  emoke-box  through  six  rows  of  tubes,  about  one  and  a  half  < 
inches  in  diameter.     Above  the  fire-box  and  proceeding  from 
casing  is  the  steam-whistle,  also  the  safety-valves,  and  ovar 
centre  of  the  barrel  of  the  boiler  is  the  steam-dome,  within  whioll' 
rises  the  atcam-pipe  as  shown,  the  end  of  which  is  coverml  by  a 
slide,  wrought  by  an  arm  fixed  upon  the  extremity  of  a  shall  which 
passes  through  a  stuffing-box  at  the  back  of  the  Iwiler,  whcro 
handle  is  attached  to  it  to  regulate  the  admission  of  the  steam 
the  engine.    A  short  passage  from  the  fire-box  to  ihe  caaii 
closed  by  a  fire-door,  aSbrds  the  means  of  supplying  the  fire 
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fuel.  The  boiler,  which  is  well  clothed,  is  attached  to  the  framing 
by  plate  and  angle-iron  brackets.  The  cjlindera  are  placed  in  the 
smoke-box ;  the  horizontal  steam-pipe  from  the  boiler  terminating 
in  a  breeches-pipe,  the  extremities  of  which  communicate  with  the 
steam -chests  which  are  placed  outside  the  cylinders.  Between  the 
cvlinders  rises  the  blast-pipe,  which  terminates  just  below  the 
chimney.  The  pistons  carry  piston  rods,  which  terminate  in 
forked-heads,  through  which  a  gudgeon  passes  carrying  at  its 
extremities  guide-blocks,  sliding  between  horizontal  guide-bars. 
the  extremities  of  these  guide-bars  being  bolted  to  the  brackets 
previously  alluded  to.  The  guide-block  gudgeon  is  embraced  by 
the  smaller  end  of  the  connecting  rod,  of  which  the  larger  extremity 
embraces  the  crank-pin,  both  ends  being  furnished  with  suitauie 
"bearings.  The  cranks  are  forged  upon  the  driving-axle,  and  out- 
side them  are  bearings  carried  in  an  axle-box,  placed  between 
liom-plates,  as  shown,  and  vertically  acting  upon  springs  by  which 
the  weight  of  the  engine  and  boiler  is  partly  sustained.  The 
driving-wheels,  which  have  plain  tires,  are  placed  directly  outside 
the  axle-boxes,  and  beyond  the  wheels  are  the  back  and  forward 
eccentrics,  the  rods  of  which  are  jointed  to  the  extremities  of  a 
link,  and  as  this  link  is  raised  or  lowered,  one  or  the  other  eccentric 
is  caused  to  work  the  slide-valve  in  the  manner  already  explained. 
*Thia  link  is  connected  with  one  end  of  a  double  arm  attached  to 
a  weigh-shaft,  and  to  the  other  arm  is  fixed  a  weight  to  balance 
that  of  the  link. 

From  one  of  the  eccentrics  of  each  pair  proceeds  a  link  by  which 
9,  feed-pump  placed  at  the  side  of  the  fire-box  is  worked,  this  feed- 
pump being  of  the  ordinary  plunger  description,  and  drawing 
water  from  the  tender  to  supply  the  boiler. 

The  leading  and  trading-wheels  of  the  engine  require  no  special 
explanation,  being  of  the  ordinary  description.  The  admission 
of  water  to  the  feed-pump  is  regulated  by  a  stop-cock.  The  boiler 
is  furnished  with  the  usual  water  and  pressure-gauges  and  gauge- 
cocks,  and  the  cylinders  with  blow-through  cocks.  To  the  front 
of  the  framing  buffers  are  attached,  also  fenders,  to  clear  the  line 
of  obstacles. 

Some  locomotives  are  furnished  with  donkey-engines  to  supply 
the  boiler  with  water  while  the  engine  is  standing  still'.  The 
Aunaces  are  frequently  arranged  to  bum  coal  without  emitting 
14 
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smoke,  and  tbe  exhaust  steam  is  sometimes  caused  to  pass  through 
the  feed-water  before  being  discharged  from  the  cbimnej.  Means 
are  also  supplied  to  pass  the  sarplus  steam  into  the  feed-water 
when  the  engine  is  standing  still. 

For  some  time  a  new  description  of  locomotive  engines  has  been 
Bomewhat  extensively  employed  on  a  northern  French  line  of  rail- 
way, and  it  is  said  with  considerable  success.  In  this  engine  the 
heated  air  and  gases  from  the  ftimace,  after  traversing  the  tubes 
through  the  barrel  of  the  boiler,  return  through  other  tubes  on 
the  top  of  the  boiler,  thereby  superheating  the  steam.  The  fun- 
nel finally  rises  almost  above  the  foot-plate.  Some  of  these  engines 
are  furnished  with  four  cylinders,  two  at  each  end  of  the  framing. 


CHAPTER  XXIL 


ox   ROAD   LOCOMOTIVES. 


Coeval  with  Watt's  great  improvement  in  tte  steam-engine  waa 

t!ie  attempt  to  apply  steam-power  to  propel  carriages  on  ordinary 

roads,  and  many  inventors  made  strenuous  efforts  to  obtain  rosnlts 

of  practical  utility;  but  so  great  were  tbe  difficulties  whicb  Liust 

be  surmounted  before  arriving  at  the  desired  end,  and  so  inefficiont 

the  means  at  disposal  to  overcome  such  obstacles,  that  the  subjei* 

dually  ceased  to  absorb  so  much  of  the  attention  of  scientific.' 

sn,  whose  energies  were  turned  to  such  branches  of  constructivo 

red  to  promise  more  certain  and  more  speedy  remun- 

|ation;  so  that  after  the  exporimenta  of  Murdoch,  Trevethick, 

ley,  Hancock,  and  some  others,  but  little  was  heard  of  local 

MtDotion  until  the  subject  was  again  brought  before  the  public 

Rev  years  since,     The  stagnation  which  existed  for  a  time  in  this 

teresting  department  of  engineering  is  probably  due  to  the  great 

Brest  excited  on  behalf  of  the  railways ;  for  we   iind,  as  the 

relty  of  the  latter  passed  off,  and  as  railways  became  a  part  of 

the  every-day  system  of  life,  that  traction-engines,  steam -carriages. 

and  agricultural  locomotives,  began  to  reappear  under  more  auspi- 

3  circumstances  than  had  hitherto  been  attendant  upon  their 

Fplication  to  practice- 

I  The   introduction,   however,    of  Bteam-oarriages   and   traclion- 

hies  into  general  use,  was  by  no  means  so  easy  as  it  mighi  at 

!  sight  appejir,  the  practical  difficulties  being  materially  in- 

1  by  want  of  experience ;  the  mechanical  facilities  now  ai 

the  disposal  of  engineers  of  course  obviated  some  of  the  incon- 
veniences, but  it  is  now  evident  that  theory,  however,  well  con- 
,  lidered,  or   however   accurate   in   itself,  is  utterly  useless  when 
K)lied  to  our  present  subject.     Experiments  alone  could  supply 
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the  requisite  inforniation,  and  as  no  available  experience  had  t 
had,  Qurneroua  experimenta  were  found  necessary,  each  beii^ 
costly,  and  mogt  of  them  unsatisfactory.  We  will  now  refer  ^ 
the  principal  impediments  which  have  from  time  to  time  arisen. 

When  tlie  locomotives  made  their  second  appearance  upon  ou^; 
roads  a  cry  was  raised  by  the  public  that  horses  meeting  or  pa^K 
ing  them  would  be  terrified.     This  objection  would  probably  ba^e 
occupied  but  little  attention,  had  the  public  been  acquainted  wi.*^ 
the  real  difficulties  of  a  mechanical  character ;  and  moreover,  lias 
opinion  lias  proved  incorrect,  so  far  as  the  metropolis  is  cooeeraeti^ 
where  the  ordinary  bustle  of  traffic  was  sufficient  to  prevent  the 
noises  of  exhaust -.steam  and  machinery  in  motion  from  atlraciin^ 
special  attention,  though  there  may  be  some  danger  of  accidents 
&om  this  cause  on  country  ro^ids  and  lanes. 

The  arran^'ement  of  the  machinery  must  of  course  depend  upon 
the  vicissitudes  to  which  it  will  be  subjected,  and  which  arise  from 
the  inequalities  of  the  roads  on  which  the  engine  is  deatined  W 
work.  The  road  will  of  course  be  liable  to  elevations  and  ilepn* 
Bions,  the  effect  of  which  will  be,  to  raise  one  or  both  of  tlie  driv- 
ing-wheels, hence  the  machinery  will  be  strained.  The  comraonesl 
method  of  drawing  has  been  as  follows :  The  engines  are  fixeii  oq 
the  top  of  the  boiler,  and  drive  on  to  a  shaft  carrying  spur-wli«il»i 
which  act  either  directly  or  through  intermediate  gearing  upoo 
the  driving-wheels,  which  were  attached  to  the  framework  bj 
pprings.  The  result  of  this  arrangement  was,  that  if  both  driving- 
wheels  rose,  the  distance  between  the  centres  of  the  toothed  wheels 
was  altered,  and  the  teeth  frequently  broken;  and,  on  the  other 
nand,  if  one  wheel  alone  rose  through  passing  over  an  obstacle,  M 
amount  of  cant  would  he  brought  upon  the  shafting,  giving  rise  lo 
a  vast  amount  of  friction,  and  occasionally  resulting  in  breiking 
the  cranks.  The  means  of  overcoming  such  difficulties  astbeW 
do  not  appear  very  obvious,  but  we  shall  presently  have  ocoaaion 
to  refer  to  some  engines  in  which  even  these  grave  obstacles  am 
surmounted  by  an  ingenious  disposition  of  the  machinery.  An- 
other point  requiring  some  consideration  is  the  means  of  securiii? 
sufficient  adhesion  between  the  roads  and  the  peripheries  of  ihfl 
driving-wheels  of  the  engine,  which,  however,  does  not  present 
any  serious  impediment  to  the  progress  of  this  department  of  m* 
chanical  engineering.     "We  will  now  mention  some  of  the  principal 
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Ibluracteriatics  of  tlie  most  tmporCatit  engines  which  have  yet  ap 
Reared. 

■      Boydell's  traction-engine  was  one  of  the  first  that  appeared ;  the 
pvheelft  were  furnished  with  shoes,  suspended  from  its  periphery 
Kay  irou  loops,  so  that  each  shoe  came  down  in  turn  upon  the 
hrround,  and  formed  a  rail  over  which  the  engine  could  run,  the 
bboe  being  raised  off  the  ground  as  soon  as  the  wheel  had  left  it, 
Kfac  series  being  called  an  endless  railway,  and  enabling  the  engine 
vo  pass  over  soil  or  rocky  ground  with  comparati  ve  ease,  at  the  same 
^ime  insuring  sufficient  friction  to  prevent  the  wheel  from  slipping. 
Another  traction-engine,  well  known,  is  Bray's,  and  the  most 
Temarkable  feature  about  this  machine  is,  that  the  wheel  ia  fur- 
"XiiBhe'J  with  movable  teeth,  the  object  of  which  is  to  give  a  greater 
iold  apon  soft  or  sloppy  soil ;  these  teeth  only  project  to  their  fuJl 
«xleni  at  one  point  of  the  periphery  of  the  wheel,  and  at  a  point 
liametricaily  opposite  the  teeth  are  not  visible.     These  teeth  are 
ihed  to  arms  acted  upon  by  an  eccentric  placed  upon  the  axlo 
<£  the  driving  shaft,  and  according  to  the  position  in  which  this 
eocetitric  ia  placed,  being  adjustable  by  a  worm-wheel  and  tangent 
screw,  so  the  teeth  are  caused  to  project  at  any  desired  part  of  the 
periphery  of  the  driving-wheel.     When  running  over  a  hard  road, 
the  teeth  are  not  required  to  act,  wherefore  they  arg  caused  to  pro- 
trude at  the  upper  part  of  the  wheel,  whereas,  if  the  ground  be 
soft,  they  are  caused  to  protrude  at  or  near  the  bottom  of  the 
wheel.     In  running  over  soft  clayey  ground  masses  of  clay  adhere 
to  the  teeth,  but  as  the  latter  are  gradually  drawn  into  the  wheel 
through  slots  in  the  tire,  this  clay  is  cleaned  off.     There  is  one 
great  disadvantage  attending  the  use  of  teeth  as  above  described, 
which  ia,  that  a  considerable  amount  of  power  is  absorbed  in  over- 
coming the  friction  of  the  teeth. 

Some  notable  improvements  were  introduced  into  Longstaff  ami 
PuUan's  traction-engines,  in  which  the  engines  were  carried  upon 
Tibrating  frames,  the  gearing  being  always  kept  in  its  right  posi- 
tion by  means  of  a  species  of  link  called  a  sling.  This  engine 
'was  ftlao  heated  with  PuUan's  superheater,  whereby  superior 
economy  was  obtained. 

Very  frequently  the  ordinary  spur  gearing  described  above  has 
.T»en  dispensed  with,  motion  being  transmitted  from  the  driving- 
InnioD  to  the  driving-wheel  by  raeana  of  a  chain. 


^^«xter 
^Brtliam 
^Bttttacl 
■^of  ih 
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Messrs.  Pullan  and  Lako  have  recently  patenfcil  some  imppoffr 
menta  of  a  very  practical  and  extensive  character  in  traction-en- 
gines and  road  locomotives,  which,  indeed,  appear  to  combine  all 
the  qualities  desirable  in  a  trnction-engiae.  A  side  elevation  anJ 
an  end  view  of  Messrs.  Pullan  and  Lake's  agricultural  locomotive 
is  shown  at  Plate  XXVII.  The  cylinders  are  mounted  on  tlio  lop 
of  the  barrel  of  the  boiler,  as  shown,  the  piston  rod  head  being 
guided  by  means  of  a  short  tube,  moving  on  a  horizontal  round  ' 
bar.  From  these  piston  rods  proceed  connecting  rods  to  a  main 
shaft  of  the  usual  form,  which  is  furnished  with  a  fly-wheel,  u 
the  engine  is  intended  to  drive  thrashing-machines  and  other  agri- 
cultural machines.  In  the  end  elevation  the  crank-shaft  mi 
counter-shafl  are  omitted,  their  positions  being  indicated  by  lli^ 
dotted  lines.  This  engine  is  furnished  with  gearing  arranged  Ui 
give  two  speeds;  the  position  of  the  gearing  is  shown  in  ttia 
drawing.  Suitable  clutches  are  furnished  for  working  this  gear. 
The  driving-wheel  ia  caused  to  rotate  by  means  of  a  chain  acting 
upon  a  toothed  wheel,  as  shown.  This  chain  is  liable  in  the  course 
of  time  to  yield  and  become  loose,  wherefore  it  is  necessary » 
have  some  means  of  increasing  at  will  the  distance  between  lla 
counter-shad  and  the  axle  of  the  driving-wheel,  and  such  meanSr 
are  supplied  by  the  following  arrangement.  The  axle  of  the  driv- 
ing-wheels ia  carried  by  an  eccentric,  wliicli  may  be  caused  t*> 
revolve  by  means  of  a  tangent  screw  placed  beneath  it,  aod  by 
means  of  this  eccentric  the  driving-chain  can  be  tightened  at  will- 
The  engine  ia  furnished  with  a  common  governor,  for  use  when  rt 
is  acting  as  a  stationary  engine,  and  which  may  be  discoonectw 
when  the  engine  is  running.  The  reversing  gear  is  similar  to  tbdi 
of  an  ordinary  locomotive,  and  the  driving-wheels  carry  plates  on 
their  peripheries  intended  to  give  a  better  hold  upon  the  road. 
Theae  wheels  may  also  be  supplied  with  teeth,  which  may  be  wit''" 
drawn  when  necessary  by  means  of  a  screw:  thus  we  have  llifl 
advantage  of  having  movable  teeth  without  the  friction  inherent 
to  Bray's  arrangement.  Behind  the  driving-wheel  and  just  above 
the  eccentric,  is  shown  in  dotted  lines  the  feed-pump,  and  about 
two  feet  farther,  towards  the  hinder  part  of  the  engi  ne,  is  shown  an 
outside  pump,  in  connection  with  which  ia  a  three-way  cock,  hy 
means  of  which  the  pump  can  be  ui^ed  to  fill  the  water-tank  or  t\i(» 
boiler,  or  to  expel  water  through  a  jet,  after  the  manner  of  a  fire 
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engine.  This  engine  is  also  sometimes  furnislied  with  the  siiper- 
lieater  above  allmlod  to.  The  engioe  is  steered  by  means  of  ap- 
paratus placed  ill  front  of  the  boiler,  motion  being  imparted  from 
a  band-wheel  through  suitable  bevel  wheels,  and  a  pinion  to  the 
tootbcd  segment  upon  the  driving-axle  of  the  leading  wheels. 
"When  it  would  be  more  convenient  to  dispense  with  the  steering 
apparatus,  the  latter  can  be  removed  by  withdrawing  it  from  the 
socke  in  which  the  bar  supporting  it  is  keyed ;  hence  this  machine 
may  be  used  cither  as  a  common  portable  engine,  drawn  by  horses, 
or  as  an  agricultural  locomotive  engine. 

In  Pullan  and  Lake's  traction-engine,  patented  at  the  same  time 
as  tUB  locomotive  above  described,  many  advantages  are  combined. 
Tlie  engines  are  carried  on  a  frame  distinct  from  the  boiler,  and 
are  protected  from  the  weather  by  suitable  covering;  gearing  is 
used  for  driving,  in  place  of  the  chain  described  above,  and  a  most 
beauiiful  and  ingenious  arrangement  is  adopted  in  the  construction 
of  the  driving-wheels,  which  secures  the  gear  against  breakage. 
The  wheels  are  also  furnished  with  teeth,  which  may  be  caused  to 
set  or  not  by  a  simple  adjusting  contrivance,  of  which  there  are 
many  varieties.  The  result  of  the  form  of  this  engine  is  such  that 
it  ia  quite  safe  in  running  over  any  ground  ;  for,  if  the  axis  of  the 
driving-wheels  be  canted  in  one  direction  and  that  of  the  leading 
vheels  in  the  other,  no  dangerous  results  would  ensue.  Two  or 
:  of  these  engines  have  already  been  made,  and  have  been 
ind  most  efficient,  some  of  them  having  been  furnished  with 
bper  beaters  and  some  with  contrivances  to  prevent  the  boiler 
1  priming. 


CHAPTER  XXm. 


ON   STKAU   F1RB-EK0INE9. 


.  The  coDstant  increase  in  height  and  other  dimensions  of  thff 
buildings  in  our  large  towns,  has  long  called  for  more  efficient 
means  of  extinguishing  conflagrations  than  those  supplied  by  tlio 
ordinary  hand-engines.  This  necessity  appears  lately  to  have  bccD 
better  understood  than  before,  and  consequently  steam  fire-engiaes 
are  gradually  comin:^  into  extensive  use. 

For  many  years  the  floating  fire-engines  were  the  only  onea  io 
the  metropolis  worked  by  steam,  but  some  time  since,  one  of 
Messrs.  Shand  and  Mason's  steam  fire-engines  wa.**  supplied  to  the 
London  Fire  Brigade.     This  engine  has  a  short  upright  boiler  and 
a  horizontal  cylinder,  acting  direct  upon  the  pump.     Upon  thft] 
[tiston  rod  is  forged  a  slotted  link,  and  iu  the  slot  moves  a  cnmlE^| 
pin,  being  part  of  a  crank  attached  to  a  shaft,  and  carrying  a  fly4 
wheel  and  the  nsual  gear  for  working  the  slide-valve,  &c.     This 
engine  is  always  kept  ready  for  service,  the  water  in  the  boiler  and 
also  the  steam-cylinder  being  kept  hot  by  gas  burners,  so  that  in 
a  very  few  minutes  steam  can  be  raised  to  work  the  engine,     Thi» 
engine  must  be  looked  upon  in  the  light  of  an  ex]>eriraent  which 
has  proved  cminenily  successful,  having  done  good  service  at  many 
metropolitan  fires  under  the  superintendence  of  Mr.  Gerrod,  the 
engineer  to  the  Brigade. 

Messrs.  Shand  and  Mason  have  made  many  improvements  in 
the  engines  constructed  subsequently  to  that  above  mentioned,  aal 
there  seems  to  be  but  little  doubt  of  steam  fire-engines  coming  ex 
tenaively  into  use. 

A  short  lime  since  Mr,  Wellington  Loe,  of  the  firm  of  Lee  and 
Lamed  of  Kew  York,  imported  an  American  steam  ftre-en^ni; 
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^■trbicH  was  iriod  at  Mr.  Hodge's  distillery,  undjf  Mr.  Loe's  super- 
^Blttenilence.  The  boiler  is  constructed  with  a  view  to  raising  steam 
Hmpidly,  and  in  this  it  proved  eminently  succeasful. 

An  objection  has  been  raised  by  some  to  horizontal  pumps,  oa 
the  ground  that  any  grit  in  the  water  will  settle  upon  and  injure 
the  lower  part  of  the  internal  surface ;  but  ibis  baa  been  contra- 
dicted, as  some  horizontal  pumps  which  have  been  at  work  with 
foul  water  for  some  considerable  time  have  remained  uninjured. 
But  it  is  certain  that  grit  may  be  injurious  under  some  circum- 
stances, as  was  experimentally  proved  by  Mr.  Roberts,  who  caused 
a  fire-engine  to  bo  worked  with  water  containing  a  sediment,  which 
was  kept  constantly  stirred  up  while  the  experiment  lasted,  that  is 
to  say,  for  about  twenty  minutes,  when  it  was  found  that  the  surface 
of  the  pump  was  much  injured. 

We  have  selected,  as  an  example  for  illustration,  a  fire-engine  of 
peculiar  construction,  manufactured  by  Messrs.  Silsby,  Mynderse, 
and   Co.,  of  New   York.     A   side  elevation  is  shown  in  Plata 
—  XXVIII. 

V    It  is   furnished   with  an   upright   boiler  of  the   multitubular 
^Rescription,  containing  three  hundred  one  and  a  quarter  inch  tubes. 
^'In  the  lower  part  of   the  chimney  is  placed   a  fan   or   blower, 
which  receives  ita  motion  from  one  of  the  hind  wheels  of  the  engine 
by  means  of  a  band,  the  object  of  which  is  to  create  a  draught  and 
raise  the  steam  rapidly,  while  the  engine  is  being  drawn  to  the  spot 
where  its  services  are  required.     At  the  back  part  of  the  carriage 
and  behind  the  boiler  is  fixed  a  rotary  engine,  constructed  accord- 
ing to  Holly's  patent;  which  engine  causes  a  shaft  to  rotate,  the 
shaft  passing  nearly  the  entire  length  of  the  carriage  and  driviaj^ 
a  pump  constructed  on  the  same  principle  as  the  engine,  and  fixed 
close  behind  the  driver's  seat  in  front  of  the  chimney.     Just  below 
the  boiler  in  front  of  the  frame  work,  is  fi.\cd  a  rotary  donkey 
engine  and  pump  combined,  similar  in  every  respect  to  the  main 
KJKigiiie  and  pump,  and  intended  to  supply  the  boiler  with  water 
^hrben  the  main  engine  is  at  work.     An  ordinary  feed  pump  ia 
^nnred  by  ordinary  bevel  wheels  to  the  main  shaft.     The  steam- 
^^ba  JB  Been  proceeding  from  the  top  of  the  boiler  in  a  curved  form 
^^Hwtt  to  the  rotary  engine,  and  the  exhaust-pipe  is  seen  passing 
^Bnin  the  boiler  upwards  to  the  funnel.     The  usual  steam- whistle, 
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eafety-valve,  and  other  valves  and  gauges  are  applied  to  the  boiler ; 
the  engine  is  supported  by  india-rubber  springs.  A  heater  is  fur- 
nished to  heat  the  feed  water  passing  to  the  boiler.  The  weight 
of  the  engine  is  from  two  to  two  and  a  half  tons,  and  it  is  said  to 
be  capable  of  throwing  a  one  and  a  half  inch  stream  of  water  to 
a  distance  of  a  hundred  and  seventy  feet,  when  working  at  a  nrea- 
aure  of  about  &iij  pounds  on  the  square  inch. 


CHAPTEB  XXIV. 

OS   B0ILEB3   QESEBALLY,  AN'D  A  RADICAL   REFORM   IS   TBOSE 
FOR   MARINS   PURPOSES   SOOOESTED. 

The  design  of  the  present  treatise  is  to  place  the  reader  in 
possession  of  sound  information  respecting  some  of  the  beat  kind 
of  boilers  at  present  in  use,  and  also  to  indicate  the  course  which 
future  improvements,  to  be  efficient  and  of  material  benefit,  must 
necessarily  pursue. 

The  subject  of  smoke-burning,  which  ia  reckoned  one  of  the 
important  topics  of  the  present  day,  I  have  endeavored  to  illustrate 
in  such  a  manner  as  both  to  correct  the  erroneous  and  exaggerated 
statements  made  by  interested  patentees,  and  to  convey  just  end 
moderate  ideas  upon  that  subject. 

The  explosions  of  boiiera  is  a  question  still  involved  in  much 
obscurity,  some  of  which  will,  I  hope,  be  dissipated  by  the  remarks 
I  have  offered,  and  as  the  general  introduction  of  steam  of  a  higher 
pressure  seems  to  be  inevitable,  this  is  a  subject  which  more  than 
heretofore  stands  in  need  of  elucidation. 

I  have  much  gratification  in  being  able  to  present  the  present 
treatise  enriched  by  the  additions  and  corrections  of  Mr.  Bourse, 
which  he  has  kindly  furnished  in  conformity  with  the  friendly 
feeling  which  he  has  constantly  manifested  towards  me  for  many 
years. 


ISTEODUOTOET  KOTE,  BY  JOHN  BOITRKE,  ESQ. 

Mr.  Armstrong  has  requested  me  to  revise  and  add  some  notes 
to  his  present  treatise  on  steam-boilers, — a  task  which  my  esteem 
for  him  has  induced  me  willingly  to  undertake,  though  I  do  not 
know  tliat  any  remarks  of  mine  upon  this  subject  can  add  weight 
to  the  doctrines  of  so  established  an  authoritv.     It  is  well   known 


to  engineers  tliat  Mr.  Afmatrong  liaa  had  a  more  extcndw 
ence,  and  possesses  probably  a  more  accurate  ).iruetical  acquaial- 
ance  with  boilers  and  furnaces  than  any  other  person  now  living, 
and  the  public  has  reason  to  feel  grateful  that  an  engineer  of  Bucb 
eminent  capacity  upon  these  subjects  vouchaafca  to  offer  them  iho 
fruits  of  his  long  and  extensive  practice.  Of  all  kinda  of  books 
there  are  none  ao  exhausting  as  books  upon  practical  engineeriw 
Truths  of  the  most  eminent  value,  and  results  which  it  may  Ute 
required  painful  labor  to  collect  are  dispatched  in  the  c 
a  few  brief  sentences,  witliout  any  manifestation,  at  least  to  I 
cursory  reader,  of  the  toil  and  reflection  involved  in  tbe  brii 
exposition.  Such  works  are  in  fact  the  esaeuce  of  tlif/ught.  Tb( 
are  consequently  few  of  tbem  written,  and  it  ought  to  be  iippr« 
ated  as  a  service  to  humanity  when  such  men  as  Mr.  Armatr 
come  forward  to  lay  before  the  public  results  which  it  has  I 
a  life  of  labor  to  attain. 

The  three  topics  of  which  2Cr.  Armstrong  has  mainly  treatedfl 
the  present  treatise  are,  first,  tbe  Necessity  of  Strong  Boilefi 
second,  Smoke-Burning;  and  third.  Explosions.  Upon  each  of 
these  topics  I  propose  to  offer  a  few  remarks,  partly  in  rccajiitula 
tion  of  what  Mr.  Armstrong  has  said,  and  partly  as  exhibiting  tbe 
results  of  my  own  experience,  or  the  nature  of  my  own  oplnioiu 
on  those  subjects.  . 


HIOE-PRES3UBK    STEAM, 

Becent  investigations  have  led  to  the  discovery  that  heat  and 
power  are  mutually  convertible,  and  we  are  able  to  tell  what  riae 
of  temperature  the  expenditure  of  a  given  amount  of  mechanical 
power  would  impart  to  water,  and  reciprocally  what  quantity  of 
power  a  given  quantity  of  heat  if  used  in  a  perfect  engine  would 
produce.  One  result  of  this  discovery  is  the  manifestation  of  tlid 
great  loss  of  power  in  the  best  existing  steam-engines.  Tho  best 
class  of  Cornish  engines  do  not  utilize  above  one-tenth  part  of  tlio 
heat  expended  in  working  them,  so  that  in  tbe  beat  e^ines  about 
nItK-tmOia  of  the  power  is  lost.  The  theoretical  condition  nnder 
which  we  would  obtain  the  full  effect  of  the  heat  in  a  steam-«nginA 
conKists  in  heating  the  water  to  tbe  temperature  of  the  furtuuH, 
a[id  in  suflbriog  thia  superheated  water  to  expand  ander  SQcb  oir 
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cumstances,  tliat  during  its  expansion  it  would  produce  power  In 
ordinary  engines,  however,  this  condition  cannot  Ije  observed;  but 
il  will  be  approached  by  using  steam  of  a  high  pressure  and  of  an 
elevated  temperature.  The  economy  of  fuel  has  now  become  an 
object  of  paramount  importance  in  engines  of  every  dass,  hut 
more  especially  so  in  the  case  of  steam  navigation ;  as  there,  not 
merely  the  expense  of  the  fuel  but  the  expense  of  carrying  it  must 
\>e  incurrcl.  To  attain  even  a  moderate  measure  of  economy, 
steam  of  a  high  pressure  and  elevated  temperature  is  indispen.oahle, 
and  if  we  have  steam  of  a  high  pressure  we  must  have  a  class  of 
boilers  introduced  into  steam  vessels  which  will  be  able  to  bear  it. 
Mr.  Armstrong  has  addressed  some  of  his  remarks  to  this  im- 
portant question,  and  his  opinion  seems  to  be  that  a  modification 
of  that  species  of  boiler  termed  sometimes  the  B'rench  boiler,  and 
sometimes  the  Elephant  boiler  is  the  most  suitable  for  the  altered 
circumstances  of  steam  navigation.  It  is  clear  that  a  boiler,  to  be 
able  to  bear  a  high  pressure  with  safety,  and  without  beinjf  encum- 
bered with  needless  stays,  should  be  a  boiler  with  a  cylindrical  shell, 
not  too  large  in  diameter.  The  furnace  of  such  a  boiler  may  either 
be  within  it  or  beneath  il.  I  cannot  say  that  I  think  internal 
furnaces  very  safe  with  high  pressures.  If  they  get  even  slightly 
out  of  shape  they  are  liable  to  collapse ;  and  whereas,  in  the  case 
of  a  cylindrical  shell,  the  tendeitey  of  the  internal  pressure  is  to 
retors  the  cylindrical  form  should  il  have  been  accidentally 
disturbed,  in  the  case  of  a  cylindrical  flue  or  furnace-tube  where 
the  pressure  is  external,  the  tendency  of  the  pressure  is  to  destroy 
the  cylindrical  form,  should  it  have  been  disturbed  accidentally, 
by  overheating  or  otherwise,  My  opinion,  therefore,  is,  that  a 
fire  beneath  the  boiler  is,  so  far  as  regards  safety,  better  than  a  fire 
within  it,  supposing  that  the  water  is  clean  and  that  there  is  no 
deposit.  In  marina  boilers,  however,  there  is  a  sediment  like 
mortar,  which,  if  allowed  to  subside  to  the  bottom  of  the  boiler, 
and  a  fire  be,  at  the  same  time,  applied  to  the  bottom,  will  cbuek) 
the  iron  to  be  burned.  But  by  providing  collecting  vessels  within 
the  boiler  the  deposit  will  take  place  within  them,  and  may  bo 
from  thence  blown  out  into  the  se;i ;  and  if  the  operation  of  blowing 
off  the  boilers  be  sufficiently  practised,  there  will,  in  point  of  fact, 
I  no  sediment  at  all.  By  the  application,  therefore,  of  such 
Bipie  expedients  as  a  collecting  vessel  and  a  continuous  blow-oS. 
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■boilers  maj  he  employed  for  marine  purposes  wtich  will  rw* 
accumulate  scale;  and,  if  the  formation  of  scale  be  prevented  a* 
species  of  boiler  may  be  used  which  will  enable  high-presdU^ane 
steam   to  be  employed  with  safety.     Steam  of  this  kind,  ul^t^ 
expansively  in  the  engine,  will  maintain  any  required  speed  of  ^^■■^^ 
vessel  with  a  much  amaJler  consumption  of  coal  than  would  oth  ^^er- 
wise  be  required. 

In  all  engines  working  expansively  it  is  important  to  maint^s— ^in 
the  temperature  of  the  cylinder  as  high  as  possible,  since  ^f  tbe 
temperature  of  the  steam  is  diminished,  and  a  portion  of  it  is  e'^ '  ■  »^gB 
condensed  within  the  cylinder  in  consequence  of  the  communi-  -ica- 
tion  of  mechanical  power  to  the  piston.  For,  as  a  certain  wei^^^fit 
of  steam  has  a  certain  mechanical  equivalent  which  would  be 

realized  if  the  steam  could  be  used  in  an  engine  without  w.iste^.  ~  it 
follows  that  the  steam,  in  so  far  as  it  exerts  power,  must  lose  hiL  ' — '■'t, 
else  it  would  have  both  the  power  and  the  heat,  which  is  impo.«_-3si- 
ble.  Accordingly,  it  is  found  that  there  is  a  larger  condennati^jon 
in  the  cylinder  of  an  engine  which  is  at  work  than  would  t 
place  if  the  engine  were  not  at  work,  although  the  steam 
admitted  to  the  cylinder  freely  in  both  cases.  When  the  ( 
is  stationary  the  whole  condensation  is  that  caused  by  the  rad  .^i>- 
tion  of  heat :  when  the  engine  is  at  work  we  have,  besides  t^K^i* 
cause,  the  communication  of  mechanical  power  to  the  piston,  whi^Sch 
can  only  be  effected  at  the  expense  of  some  of  the  heat,  and  the  ==r^ 
fore,  with  a  certain  condensation  of  the  steam  within  the  cylind— ^^r. 
In  a  perfect  engine  there  would  be  no  heat  discoverable  in  tir^he 
condenser,  as  the  whole  would  have  been  changed  into  meohani^^- *i*l 
power;  and,  in  all  engines,  there  will  be  an  inferior  quantity  "f 

heat  in  the  condenser  to  that  which  leaves  the  boiler,  by  t^^te 
equivalent  in  heat  of  the  mechanical  power  generated  in  the  engi^^e. 
Steam-jackets  act  in  counteracting  the  condensation  caused  by  ^C^^e 
communication  of  power. 


SMOKE-BURNING. 


With  respect  to  smoke-burning,  the  best  species  of  furnace  fv 
the  accomplishment  of  this  object,  without  the  introduction  of 
conntervailing  evils,  is  one  which  Mr,  Armstrong  has  designed  fur 
Woolwich  Dock  Yard,  on  a  nearly  similar  plan  to  several  erected 
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by  bim  ih  ihe  Arsenal.  In  tbis  furnace  the  foremost  length  of  bars 
slopes  somewhat  towards  the  mouth ;  whereas,  the  after  lengths  of 
liars  slope  in  the  contrary  direction,  or  towards  the  bridge.  At 
the  ridge  where  the  opposite  slopes  meet,  there  is  a  double  bearing 
"bar  which  permits  some  air  to  enter  the  furnace  in  that  situation. 
The  coal  in  the  foremost  length  of  bars  is  maintained  in  rapid 
combasiion,  whereas  the  coal  upon  the  after  tier  of  bars  is  under- 
going a  alow  distillation.  In  charging  the  furnace,  the  coal  is 
thrown  chiefly  to  the  back  end,  so  that  the  surface  of  the  fuel 
slopes  forward  from  the  bridge  towards  the  furnace  mouth.  This 
coal,  being  lighted  on  the  top,  becomes  a  kind  of  coal  torch.  The 
gas  generated  by  the  heat,  in  passing  through  the  ignited  stratum 
on  the  surface,  is  consumed;  and,  from  time  to  time,  the  ignited 
embers,  from  which  the  gas  has  been  expelled,  are  raked  forward, 
and  fresh  coal  is  thrown  in  to  maintain  the  combustion.  Very 
little  smoke  is  evolved  from  this  species  of  furnace;  and  it  differs 
little  from  a  common  furnace,  either  in  construction  or  efficiency,* 

tThe  best  species  of  furnace,  however,  for  marine  purposes,  is  one 
bich,  while  fulflUiug  all  other  indications,  will  feed  the  fire  by 
if-acling  mechanism.  The  firing  may  be  accomplished  by  some 
F  these  expedients,  not  merely  in  a  more  efficient  manner,  but  at 
materially  diminished  expense.  In  the  case  of  a  boiler  on  land, 
I  which  a  man  to  look  after  the  engine  and  boiler  is  required  in 
any  case,  the  introduction  of  a  firing  machine  to  do  a  portion  of 
his  work  is  not  an  object  of  much  importance.  But  in  the  case  of 
the  furnaces  of  a  steam-vessel,  which  require  a  number  of  men  to 
I  upon  them  every  watch,  an  important  economy  would  be 
iomplisbed  by  the  substitution  of  mechanism  of  an  efficient 
iracter. 

EXPLOSIONS, 

Tie  subject  of  boiler  explosions  is  still  involved  in  a  good  deal 

obscurity.     No  doubt   a    frequent,   and   probably   the   most 

iquent,  cause  of  explosion,  is  the  sudden  generation  of  steam 

■ducod  when  the  water-level  has  been  allowed  to  fall  so  low  that 


*  A  represenlalion  of  this  newly  designed  furnace,  as  applicable  to  an 
lepbant"  Boiler,  suitable  for  dockyarda,  Bnw-milla,  4c..  where  waste  limber 
i  ether  varieticR  of  mixed  fuel  are  used,  is  given  in  the  froulispiece. 
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the  flues  get  very  hot,  and  then  is  sucidenly  raiset),  so  Wrf^iBw 
water  comes  into  sudden  contact  with  the  heated  metal.  Bat 
there  are  other  caaca,  in  which  the  water  is  repelled  from  the  iron 
by  a  strong  heat,  though  no  undue  subsidence  of  the  water-level 
has  been  suffered  to  take  place.  There  are  boilers  in  which  the 
natural  order  of  things  is  reversed  when  heat  is  applied, — ^tho 
waler  being  mostly  in  the  lop  part  of  the  boiler,  and  the  steam  in 
the  bottom.  Such  boilers  necessarily  prime  very  much;  or,  in 
other  words,  muuh  water  passes  into  the  steam-pipe,  aod,  at  ihe 
same  time,  the  part  of  the  boiler  on  which  the  flame  acts  is  liable 
to  become  overheated  from  the  absence  of  water  in  contact  with 
the  metal  to  conduct  away  the  heat.  There  are  boilers  in  which  a 
lead  rivet  in  the  flues  may,  at  any  time,  be  melted  out  by  firiDg 
very  strongly;  the  water  being  so  far  repelled  by  the  heat  as  to 
enable  the  temperature  of  the  metal  to  rise  to  the  melting  poin 
lead. 

In  all  boilers  in  which  there  is  ebullilion  going  on,  the  appi 
level  of  the  water  will  be  greater  than  the  true  level,  as  the  1 
mixture  of  steam  swells  the  water,  producing  what  is  call  "false 
watei,"  by  the  drivers  of  locomotives.  One  eSoct  of  this  fictitious 
augmentation  of  bulk  is,  that  when  additional  feed  water  is  turned 
on,  from  the  water-level  becoming  too  low,  the  first  effect  is  still 
further  to  lower  the  water-level.  This  anomaly  is  caused  by  the 
condensation  of  the  steam  mixed  with  the  water  of  the  boiler,  when 
an  additional  quantity  of  cold  or  cool  water  is  introduced ;  but  the 
water  level  may,  at  such  limes,  be  again  raised  by  casing  the 
safety-valve,  which  will  enable  the  steam  mixed  with  the  water  to 
Bwell  to  larger  dimensions  when  the  pressure  is  reduced,  and  thus 
compensate  for  the  partial  condensation  which  the  introduction  of 
additional  feed  water  has  caused. 

One  cause  of  boiler  explosions  Mr.  Armstrong  considers  to  be 
the  niiskillful  application  of  smoke-burning  projects,  which  by 
producing  violent  alternations  of  temperature  in  the  boiler  bottom, 
loosen  the  riveted  joints,  and,  finally  cause  them  to  givo  way. 
The  ojicurrence  of  an  accident  of  this  kind  in  a  boiler  fitted  with 
the  smoke-burning  furnace  of  Mr.  Charles  Wye  Williams  has  led 
to  a  wordy  war,  which  has  been  wagod  by  that  lively  gentlemao 
for  many  years.  Mr.  Williams  is  a  species  of  amateur  engineer; 
who,  on  the  fitrength  of  an  acquaintance  with  the  atomic  theory. 
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leif  elementary  cliemical  truths,  acquired,  apparently,  late  in 
life,  has  set  up  as  the  engineering  reformer  of  the  age,  in  tba 
departtnetil  of  smoke-burning;  and  he  has  obtained  the  approbation 
of  the  "  Mechanic's  Magazine"  and  other  oracles  of  corresponding 
authority.  A  man's  ambition  need  not  be  very  exalted,  which  is 
ealiafied  with  euoh  aucceaaes;  but  if  there  be  gratification  sufficient 
lo  compeDsate  the  ridicule  arising  from  harping  eternally  upon  a 
single  trumpery  topic,  there  ia  no  reason,  that  I  knovr  of,  why  it 
shuujd  not  be  possessed. 

The  subject  oT  locomotive  boilers  has  been  treated  more  fully 
hy  Mr.  D.  K.  Clark,  in  his  excellent  work  on  "Railway 
Machinery,"  than  by  any  other  author,  and  he  has  shown  that  it  ia 
inadvisable  to  make  the  area  of  fire-grate  or  the  area  of  the 
chimney  very  large,  that  the  smoke-box  should  not  he  of  greater 
capacity  than  is  absolutely  necessary  to  collect  the  hot  air  from 
'lie  tubes,  and  that  the  blast-pipe  should  stop  short,  by  a  few 
incbes,  of  the  foot  of  the  chimney,  instead  of  penetrating  into  it. 

le  following  table  is  taken  from  Mr.  Clark's  work : — 
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•2608 

126 

238 

844-8 

1219-1 

•26-26 

12T 

236 

345-4 

1219-3 

■2644 

123 

234 

346-0 

1219-4 

■2662 

129 

232 

346-6 

1219-6 

■2680 

130 

231 

347-2 

1219-8 

■2698 

132 

228 

348-3 

1220-2 

■2733 

134 

225 

349-5 

1220-6 

■2771 

136 

222 

3506 

1220-9 

■2807 

138 

219 

851-8 

1221-2 

•2346 

140 

216 

852-9 

1221-5 

•2885 

142 

213 

354-0 

1221-9 

•292! 

144 

210 

355-0 

1222-2 

•2959 

146 

208 

356-1 

1222-5 

•2996 

148 

205 

357-2 

1222-9 

■8033 

150 

203 

358-3 

1223-2 

■3070 

160 

191 

363-4 

1224-8 

■3263 

iro 

181 

368-2 

1225-1 

■344S 

180 

172 

872-9 

1227-7 

■3623 

190 

164 

877-5 

1229-1 

■S800 

200 

157 

881-7 

1230-3 

■8970 

Note.  The  sbovo  table  of  correspondio^  presfinres,  temperatures,  mi 
Toliimea  ofaaluraled  steam  is  hy  the  kind  permission  of  Mr.  Clarh  copied  fron 
his  valuable  work.  The  pressures  and  temperatures  ore  the  direct  reinlliot 
M.  Regnaull's  expcriioeDtB.  The  rct&live  Tolumea  are  obtained  bjiBeauof 
tbr  formula 

„„  „  458  +  ( 

V  =  37-3 — 

P 
rhe  fourth  olomn  is  the  resnU  of  direct  experiment  by  Ke^anlt.    Aod  (h* 
fifth  ciiluma  is  culuulaied  h;  dividing  62'321  lb.,  the  weight  of  ■  cubic  footot 
wuter  at  £2'^  by  the  relative  volume. 
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1  these  cursory  remarks  I  dismiss  Mr.  Armstrong's  present 
■ork.    Its  main  suggestions,  namelj,  the  necessity  of  tlie  adoptioa 

prf  cylindrical  boilers  in  all  cases  in  which  economy  of  fuel  is 
impirtant,  the  practicability  of  burning  smoke  by  simple  arrange- 
menta  without,  however,  the  accomplishment  of  much,  if  any 
direct  saving  of  fuel,  the  advantage  of  lire-feeding  mechanisms  in 
steam -vessels,  and  the  doctrine  of  the  accidental  deficiency  of  water 
in  boilers  being  the  main  cause  of  explosions,  are  all,  in  my 
judgment,  sound  doctrines,  and.  if  so,  public  benefit  cannot  fail  to 

■•rise  from  their  wide  acceptation. 

I  J.  B. 

H     The  main  design  of  this  short  essay  is  to  impart  in  few  words, 

"that  information  respecting  boilers  and  furnaces,  which  persona 

employing  steam-engines  desire  to  possess,  but  which  they  have 

not  much  time  to  acquire.     While  yielding  our  approbation  to  all 

invest rgationa  touching  the  science  of  steam  which  seem  likely 

to  illustrate  its  nature,  we  are  at  tlie  same  time  conscious  that  the 

bulk  of  mankind  immersed  in  active  business  have  but  little  time 

for  such  speculations;  and  it  is  our  design  rather  to  slate  results, 

and  enunciate  general  laws,  such  as  are  found  to  govern  successful 

practice,  than  to  embark  upon  the  wide  sea  of  theoretical  disquisi- 

I     tion,  or  to  announce  any  mere  theoretical  conclusions.     Still  less 

ft  is  it  our  intention  to  parade  the  elementary  truths  of  chemistry  aa 

IP  tails  for  the  admiration  of  the  ignorant — expanded  into  all  the 

forms  proper  to  laborious  dulness  and  varied  in  every  phrase  of 

emphatic  iteration.     Thai  task  has  already  been  performed  by  Mr. 

Charles  Wye  Williams  in  his  work  on  the  "  Combustion  of  Coal 

and  the  Prevention  of  Smoke,"  and  the  merits  in  which  that  work 

is  deficient  have  been  compen.sated  by  its  artificial  notoriety.     We 

should  be  sorry  to  deprive  Mr.  Williams  of  any  portion  of  the 

1  which  has  cost  him  so  much  and  the  quality  of  which 

ma  to  satisfy  his  ambition,  and  there  is  certainly  no  danger  that 

a  present  work  we  shall  run  into  any  similar  extravagance, 

laving  so  painful  an  example  before  us  of  this  species  of  folly. 

I  theory  we  take  no  exception,  theory  being  indeed  only   the 

innection  of  individual  facts  into  such  a  chain  &i  to  constitute  a 

Uural  law. 


MECHANICAL   EXGI>;EEBtSQ. 


HAT-STACK   BOILER. 


Thia  boiler  ia  termed  the  hay-stack  boiler  from  its  shape, 
some  districts  it  is  called  the  balhon  boiler,  and  the  kettle  boikr.  Il 
is  a  good  kind  of  boiler  up  to  10  or  12-horBe  power,  and  10  or 
12  Iba.  pressure,  where  boilers  are  required  to  stand  singly.  It  is 
strong  enough  within  those  limits,  and  has  the  greatest  capacity 
for  the  least  quantity  of  material  employed.  Independent  of  Hi 
economy,  which,  with  inferior  fuel,  need  not  be  le^  than  that  of 
any  other  kind,  it  has,  perhaps,  the  greatest  evaporating  power  for 
its  dimensions,  and  if  set  up,  as  it  usually  is,  with  a  single  ffbecl 
draft,  it  requires  only  a  small  chimney.  The  shape  of  the  bottom 
of  this  boiler  is  generally  not  so  well  adapted  as  some  other  kinda 
of  boilers  for  applying  the  usual  arrangements  for  consuming 
smoke,  but  if  made  of  copper,  as  such  boilers  are  in  some  of  the 
London  breweries,  they  admit  of  coke  being  used  to  very  great 
advantage. 

In  Staffordshire,  and  some  other  mining- districts,  the  hay-sUwlt 
boiler  has  been  frequently  made  much  too  large;  and  where  this 
defect  has  been  sought  to  be  corrected,  by  carrying  the  flue  apirally 
twice  round  the  boiler,  the  result  has  usually  been  unsucceaafii^ 
if  not  dangerous. 

THE  WAGOX   BOILER. 

This  boiler  is,  in  principle,  the  hay-stack  boiler  just  descrilK'l 
only  put  into  an  oblong  instead  of  a  circular  form  on  the  groUM 
plan.  It  tlierefore  permits  of  facilities  in  arranging  a  number  of 
boilers  side  by  side  without  wasting  space.  It  is  distinguished  ii 
mining- districts  as  the  oblong  boiler.  In  other  places  it  ia  aotne- 
times  called  the  caravan  boiler,  and  by  Mr.  Wickateed,  the  wagO'*- 
head  boiler.  It  possesses  some  advantage  over  the  hay-stack  boilat 
in  its  being  better  adapted  for  the  use  of  rich  bitmniLou.i  or 
flaming  fuel,  and  Newca.stle  coal  generally.  It  admits  of  being 
made  of  such  a  length,  that  the  flame  from  the  well-managed  fire 
will  be  generally  expended  before  reaching  the  end ;  and  it  can  be 
easily  varied  in  its  proportions  to  suit  the  many  varieties  of  flaming 
fuel, — wood  as  well  as  coal.     As  flaming  coal  is  also  smoky  coal 
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tHe  wapon  boiler  from  its  rectangular  plan  is  suitable  for  the 
appliuittion  of  such  coal,  because  "it  admits  of  the  ordinary  rectan- 
gular fire-grate,  with  convenient  apace  beyond  for  any  arrangement 
of  the  IVirnace  chamber  and  bridges,  so  as  to  meet  almost  any 
requirement  for  stnoke-consumiug  purposes. 

kThe  wagon  boiler  is,  except  in  the  direction  of  its  length,  nearly 
strong  as  the  hay -stack  boiler,  up  to  five  feet  diameter,  and  if 
ovided  with  one,  two,  or  three  longitudinal  stayf,  and  four  such 
eiays  of  one  and  a  half  inch  square  from  end  to  end  if  above  that 
•liameter,  togetber  with  cross-stays  at  every  two  feet  in  the  length, 
it  may  be  safely  worked  up  to  ten  pounds  on  the  square  inch. 
Tor  this  pressure  it  is  usually  made  of  plates  to  average  three- 
eighths  of  an  inch  thick  all  round,  the  top  being  never  less  than 
one-quarter,  and  the  ends  ought  to  be  seven -sixteenth  3  of  an  inch. 
pp  to  20  or  25  horse-power,  boilers  which  are  as  many  feet  in 
ph  by  five  to  five  and  a  half  feet  wide,  or  equivalent  propor- 
ma,  made  in  this  way,  will  weigh  seventeen  or  eighteen  pounds 
'  square  foot  of  total  surface,  inclusive  of  rivets,  overlap  of 
»tea,  stays.  Sec  Seventeen  or  eighteen  square  feet  of  such  surface 
S»y  be  reckoned  as  equivalent  to  a  horse-power ;  from  these  data, 
9  weight  and  cost  (at  present  twenty-five  to  thirty  shillings  per 
hindred  weight)  is  soon  obtained. 

\  Within  the  above  limits,  no  boiler  ever  made  can  exceed  this 
B  in  efficiency,  economy,  and  durability,  if  well-proportioned  to 
t  engine  it  works,  and  to  tbe  fuel  supplied  to  it.  If  required 
f  greater  power  than^  20  or  25  horse,  boilers  of  this  kind  are 
made  deeper  in  proportion  to  their  length,  and  an  internal _/?wf  litbf 
is  introduced,  and  such  boilers  are  then  called  the 


BOULTON'-.^ND-WATT   BOILER, 

I  This  boiler,  when  of  30  or  40  horse-power,  is  more  economical  in 

than  the  plain  wagon  form ;  but  is  weaker  for  the  same  thick- 

of  iron,  and  ought  not  to  be  worked  at  more  than  eight  pounds 

square  inch.     Its  power  is  calculated  in  the  same  way  as  that 

the  wagon  boiler,  excepting  only  that  the  breadth  or  diameter 

the  internal  tube  is  to  be  considered  as  so  much  added  to  the 

1  of  the  boiler  itself     Thus,  if  a  wagon  boiler  of  twenty  feet 

by  five  feet  wide,  be  equal  to  20  horse-power,  being  at  the 
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usual  rate  of  five  square  feet  of  water  surface  or  hoiizoiS 
ground  plan  per  horse-power, — then  a  Boulton-and-Watt  boiler 
of  the  same  horizontal  dimensions  externally,  but  having  its  inside 
flue  tube  of  two  feet  diameter,  will  be  Iwo-Ji/tlis  more  powerful,  or 
28  instead  of  20  horse-power ;  it  must  be  supplied,  of  course,  with 
a  proportionate  increase  of  fire-grate,  aod  is  thus  computed : — 

Length    20  ft.  x  (5  +  2  =)  7  ft.  wide  _  140  _  ^^        J 
Divided  by  6  feet  per  H,  P.  ^  ^H 

horse- power. 

"With  these  dimensions,  however,  it  would  have  to  be  of  very 
considerable  depth,  in  order  to  have  the  required  capacity  for 
holding  a  sufficient  quantity  of  water  and  steam  for  that  power. 
It  is  therefore  found  preferable  to  make  such  boilers  from  six  to 
eight  feet  wide,  by  eight  or  nine  feet  deep,  and  they  should  never 
be  more  than  twenty-eight  or  thirty  feet  long.     If  a  boiler  of  this 
kind  ia  not  required  to  be  above  40  horse-power,  there  is  no  necis- 
sity,  unless  very  bituminous  coal  is  used,  for  ita  being  much  mora 
than  twenty  feet  in  length.     With  that  length  it  may  be  made  6  fl. 
6"  wide,  by  8  ft.  or  8  ft.  6"  deep,  and  contain  a  circular  flue-tube  of 
three  and  a  half  feet  in  diameter.     The  computation  in  the  samo 
manner  as  above,  will  then  stand  as  follows ; — ■ 
20  ft.  X  (6  ft.  6"  +  3  ft.  6"  = 


As  in  my  former  works  upon  steam-boilers,  I  gave  some  exam- 
ples of  the  arithmetical  calculations  connected  with  this  subject,*' 
ftiM  length,  for  the  special  benefit  of  engine-men!  and  stokers,  ao^ 
having  since  ascertained  the  utility  of  such  numerical  examples  foi 
the  purpose  intended,  I  shall  give  a  similar  example  here : — 

Width  or  diam.  of  boiler,  6'5  feet. 

Ditto  of  inside  flue-tube,  35 


Multiply  by  the  length 
Divide  by 


10-0 
20 


200 
40  horse -power. 


The  alide-rulc  formula  for  all  such  cases  is. 
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A  I  Gaage-point  5    |  or  5"  [  diam.  df  boiler  ami  flue  10 

5^1  Horse-power  40  ["35""]  Leiigth  of  ditto       ^"20 

If  the  second  divisor  or  gauge-point  5"T  be  used,  which  givofl 

tlkbout  a  square  yard,  or  nine  square  feet  of  eEFeclive  heating;  aur- 

s  per  horse-power,  the  result  is  seen  to  be  only  35  horse-powcT. 

But,  by  placing  40,  the  power  required,  opposite  to  5-7  in  the 

ice  of  35,  we  shall  find,  opposite  to  10,  the  proper  length  to 

lake  the  boiler  40  horse-power  at  that  rate,  namely,  22'8  feet,  aa 

A  I  57  I  diameter  10  |  orllj 

0   I  40  i  length  22'8   |       20 

l  or,  retaining  the  same  length  twenty  feet  as  before,  opposite  to  it 

is  seen  eleven  and  a  half,  as  above,  for  the  diameters  of  boiler  and 

flue  together,  which  may  be  conveniently  made  eight  feet,  and 

three  feet  six  inches  respectively. 

A  Boultoo-and-Watt  boiler,  thus  proportioned,  is  much  more 
economical  of  fuel  than  a  wagon  boiler  of  the  same  size  or  power ; 
but  it  requires  more  total  surface  of  iron-plate,  although  it  ia 
measured  precisely  in  the  same  way,  that  is,  the  hieer  half  of  all 
the  flues  is  left  out  in  the  measurement,  as  non -effective  in  gener- 
ating steam,  and  one-half  only  of  the  vertical  heating-surface  ia 
considered  as  effective  heating-surface. 

In  respect  to  strength,  this  boiler  is  weaker  than  the  nnflued 
"wagon  form,  in  proportion  as  its  depth  exceeds  its  diameter, — not-' 
■withstanding  it  may  be  made  of  thicker  phites  in  proportion  to  its 
increased  size.  This  defect  is  partially  remedied  by  having  two 
tiers  of  cross-stays  IJ"  square,  placed  one  above  and  the  other 
below  the  inside  flue.  Besides  these  crosa-atays,  it  is  usual  to  sup- 
port the  bottom  of  the  boiler  by  oblique  stays,  commonly  called 
"  upright"  stays,  attached  to  the  arch  of  the  boiler-bottom,  and  the 
other  end  securetl  by  cotters  upon  and  near  the  ends  of  the  upper 
cross-stays.  All  these  stays,  of  which  there  arc  four  for  each  plate 
in  the  length  of  the  boiler,  are  attached  by  broad  wrought-iron 
straps  and  cotters,  which  last  should  not  be  made  too  taper,  for 
when  so  they  are  liable  to  wriggle  loose  by  the  working  of  the 
boiler.  Besides  the  usual  number  of  longitudinal  stays  from  end 
to  end,  as  in  the  plain  wagon  boiler,  some  persons  put  in  "angle 
tfajs,"  extending  from  near  the  centre  of  each  end  to  the  6e<H>ad 
or  third  plate  on  each  side.     Again,  we  occasionally  find  a  staj 
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carried  ubiiquely  downwards  from  tbe  fiat  end  of  the  boiler  to  A 
top   of  tbe  flue-tube,  which  we  consider  injudicious,  and  rather*'* 
tecding  to  do  harm  than  good.     For  tbe  tube  itself  generally  i 
or  should  act  as  a  stay  from  end  to  end;  and  on  that  account 
should  not  be  drawn  out  of  its  direct  tensile  action  by  any  a 
attachment,  liable  to  create  lateral  strain.     The  probable  rcasoiL 
why  stays  were  originally  placed  in  this  part  by  Boulton,  W<| 
and  Co.  is,  that   they  did  not  latterly  carry  the  flue-tube  i 

through  from  end  to  end.  but  terminated  in  a  Jinl  topped  ''        

up"  inside  the  boiler,  to  support  the  top  plale  of  which  this  obliqne 
stay  assisted.     AVith  respect  to  similar  oblique  or  angular  stays 
carried  from  the  ends  to  the  arched  top  of  tbe  boiler,  we  cannot  eay 
much  in  their  favor,  although  some  of  them  have  become  po]tular 
under  the  name  of  "  gusset"  stays,  from  their  being  made  of  tri- 
angular plates  instead  of  square  bars,  wliich  would,  we  think,  be 
more  suitable,  if  needed  at  all.     However  appropriate  these  g 
stays,  or  stay  plalcs,  instead  of  stay  bars,  may  be  in  plate-id 
bridges  and  structures  of  that  kind,  where  atiftness  from  exter^^ 
pressure-  and  from  twisting  is  the  main  object  in  view,  any  pecul 
value  they  can  have  in  resisting  tbe  internal  strains  to  wlu 
eteam-boilera  are  subject,  is  not  very  apparent,  especially  wM 
we  consider  that  every  unnecessary  rivet,  not  to  say  seamof  rivt 
in  a  boiler  is  a  source  of  weakness,  not  strength. 

If  larger  boiler-plat«s  could  be  manufactured,  or  oould  1 
plates  be  as  easily  ascertained  to  be  sound  as  small  ones,  then  I 
less  rivetting  the  better.  Since  the  new  system  of  welding  j 
stead  of  rivetting  the  edges  of  boiler-plates  together  has  beenfl 
far  perfected  by  tbe  patent  process  of  Mr.  Bertram,  late  of  WoT 
wicb  Dockyard,  as  to  prove  its  superior  strength  to  even  doi 
rivetting,  it  is  not  now  too  much  to  look  forward  to  the  time  wheof 
not  only  a  boiler,  but  tbe  iron  hull  of  "the  noblest  machine  lUat 
ever  was  invented,"  a  ship,  instead  of  being,  as  it  may  now  be 
termed,  "tlilclu-d"  together  in  patches  by  "seanis"  and  "gui 
will  be  forgeil  in  one  entire  piece.  At  all  events,  Mr.  Bertram  ti 
demonstrated  the  practicability  of  welding  together  iron  ply 
in  a  cheap,  rapid,  and  efficient  manner,  and  there  can  be  i 
doubt  that  his  discovery  must  in  time  find  many  valuable  a 
eationii. 
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^r  UARIN'E   BOILERS. 

r  In  ihia  country  mariue  boilers  are  almost  all  low-pressure  boil 
era  but  the  pressure  has  been  gradually  creeping  np  for  several 
years,  and  pressures  of  from  20  to  30  lbs.  on  the  square  inch  are 
now  by  no  means  unusual.  At  the  same  time  no  corresponding 
improvements  have  been  made  in  the  structure  of  the  boilers,  to 
insure  an  equal  measure  of  safety  to  that  which  previously  ex 
isted.  No  doubt  modern  marine  boilers  are  made  of  good  iron, 
are  well  riveted,  and  are  very  much  stayed.  But  the  slays, 
especially  in  tlie  region  of  the  steam-chest,  are  speedily  corroded 
by  the  action  of  the  steam.  The  plates  of  the  boiler  also  get  thin, 
so  that  unless  the  engineer  reduces  the  weights  on  the  safety-valve 
as  the  boiler  gets  worn,  explosion  will  be  apt  to  occur  from  mere 
ireakness  of  the  boiler. 

For  tug-bouta  and  other  commercial  purposes,  for  war,  and  for 
sea-going  vessels  generally,  we  do  not  see  how  very  high  pressure, 
whether  with  condensing  or  non-condensing  engines,  and  for  war 
ships,  extreme  high  pressure  is  to  be  avoided.  The  economy  of 
the  combined  high  and  low-pressure  engine,  and  the  advaniases 
of  working  very  expansively,  in  various  ways  are  so  great,  and  so 
Tnueb  more  important  ajfnnt,  where  the  fuel  has  to  be  carried,  than 
ashore,  that  it  has  long  been  a  problem  whether  it  would  not 
eventually  be  true  economy  to  adopt  the  very  strongest  boilers 
which  can  possibly  be  made  at  once, — say  to  be  able  to  work  at 
not  less  than  100,  and  up  to  200  lb.  on  the  square  inch, — and  we 
i-eally  see  no  very  great  difficulty  in  making  boilers  quite  as  safe 
from  explosion  at  200  lb,  as  the  ordinary  marine  boilers  as  now 
m^e  are  at  20  lb,  pressure.  It  is  merely  a  question  of  invest- 
meot  of  capital,  not  in  inrqe  ships,  but  in  striyng  ships,  so  that  wa 
are  inclined  to  side  with  those  who  would  adopt  such  a  system  as 
eood  commercial  policy.  Because  if  the  boilers  are  capable  of 
working  safely  at  200  lbs.,  there  is  no  reason  why,  with  proper 
arrangements,  sucTi  boilers,  with  suitable  engines,  should  be  less 
economical  than  ordinary  boilers  if  worked  at  ordinary  pressures. 
The  greater  cost  of  the  boiler  in  the  first  instance  wiU  not  only 
confer  greater  strength,  but  greater  durability. 

The  present  construction   of  the  muUiluhular  boiler,  as  it  i* 
I,  may  be  truly  stated  as  a  disgrace  to  the  science  of  this  age 
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of  progress.  The  marine  boiler  yet  remains,  in  fact,  no  n 
a  locomotive  boiler,  witli  tbe  most  important  part  of  tliat  boiler, 
tbe  fire-box,  left  out.  It  is  not  tbat  we  would  put  a  fire-box,  or 
any  thing  like  it,  aboard  a  steam-abip,  though  well  adapted  to  the 
rail.  That  is  only  suited  for  burning  coke,  which  ia  too  bulky  a 
flic!  for  marine  purpoaea.  Besides,  a  blast,  or  strong  draft,  by 
Bomc  means,  seems  a  necessity  for  burning  coke  with  advantage. 

Very  much  more,  however,  la  either  the  blast  or  jet  required,  by 
reason  of  the  multitude  of  small  tubes  through  which  the  pro- 
ducts of  the  combustion  must  be  drawn.  This  creates  an  ad- 
ditional difficulty  with  the  present  marine  boiler,  and  it  is  not 
likely  that  from  twenty  to  thirty  per  cent,  of  its  power  can  be 
aftbrded  for  blowing  the  fire,  a.*  is  the  case  with  some  locomotivea 

What,  then,  it  may  be  asked,  is  tbe  first  step  to  improve  the 
present  practice?  And  my  answer  is  ready:  If  a  moderate  im- 
provoment  only  is  permitted,  without  greatly  disturbing  present 
arrangements  of  space  in  the  ship,  and  a  due  regard  to  venerated 
prejudices,  which  we  have  seen  created  during  a  single  generation, 
and  which  have  in  that  time  erected  the  crude  suggestion  of  Booth, 
successful  though  it  has  been  made  by  others,  almost  into  tlie  po- 
sition of  an  institution,  the  obvious  course  is  to  improve  the  /w- 
naces,  shorten  and  widen  the  tubes,  and,  when  draft  is  deficieot, 
apply  the  exhausting  fan  with  a  short  funnel.  Although  wfl  do 
not  insist  so  strongly  on  the  last  item,  it  may  be  observed,  in  pass- 
ing,  that  it  would  make  "smoke-burning"  with  economy  in  steam- 
ships  possible.    At  present  it  is  not.     {Sue  Chap,  xxv.) 

Should  a  radical  reform  of  the  marine  boiler  be  aimed  at,^ 
and  we  have  never  ceased  strenuously  to  urge  its  necessity, — wli°'  I 
ever  attempts  it  must  not  stick  at  trifles.  The  boilers,  in  the  llfst  I 
place,  ought  not  to  be  "  crushed  down"  to  the  bottom  of  the  s)»p> 
where  the  draft  has  such  difficulty  to  descend  down  after  tliem- 
We  would,  in  fact,  abolish  the  &\oks-hole,  if  not  do  away  with  the 
stokers,  and  stoking  also.  Instead  of  placing  the  fires  so  low  dawn 
that,  in  a  leaky  ship,  they  are  soon  drowned  out,  wo  would  have 
them  close  up  to  the  deck,  in  whatever  situation  the  engines  miglit 
be  fixed.  The  "firing-stage"  should  really  be  a  platform  elevated 
to  the  light  of  day,  on  which  the  most  important  processes  in  the 
economy  and  progress  of  a  steam-vessel  is  carried  on,  and  to  which 
the  coals  may  be  elevated,  and,  if  required,  placed  in  the  fummas 
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1^  by  means  of  very  simple  self-acting  meclianical  appliances. 
1  giving  a  reluctant  assent  to  tlie  proposition,  let  it  not  be  forgot- 
1  by  the  reader  that  this  change  of  position  in  the  boilera  wouH 
really  tTtcrease  the  available  room  for  cargo,  inasmuch  S3  none 
would  be  wasted  in  passages  up  and  down  for  the  hands,  and  for 
ventilation, — to  say  nothing  of  the  greater  safety  of  the  ship  from 
^rt ;  and  though  last,  not  least,  when  we  think  of  the  possible  fate 
of  the  "  President"  or  the  "  Pacific."  from  explosion. 

In  the  case  of  vessels  of  war  where  the  boilers,  in  this  elevated 
position,  might  be  obnoxious  to  the  effects  of  shot,  &c.,  the  boilera 
may  be  retained  in  the  usual  position,  and  in  such  cases  the  room 
occupied  by  the  stoking-space  is  not  so  objectionable,  Wrought- 
iron  boilers  of  simple  forma,  containing  a  steam -pressure  of  200 
lbs.  per  square  inch,  will  be  tlie  most  suitable  in  such  cases. 
,  The  communication  of  the  boilers  with  each  other  and  with  the 
cylinders  may  be  easily  arranged  below  the  water-level  in  the 
manner  of  the  locomotive. 

The  kind  of  boilera  we  propose  for  marine  purposes  are  not  new 
schemes,  but  the  inventions  of  practical  men,  matured  by  the  ex- 
perience afforded  by  extensive  use.  The  principle  is  that  of 
"WooLF  where  the  pressure  is  exertetJ  only  uil/iin  cylinders  of  com- 
paratively small  diameter,  say  up  to  two  and  a  half  or  even  three  feet. 
The  species  of  boiler  made  by  Ilall  of  Dartford,  and  others,  known  in 
London  as  the  elephant  boiler,  may  be  arranged  to  work  at  a  pres- 
sure of  150  to  200  lbs.,  and  for  low-pressure  (say  80  to  100  lbs.) 
when  \ised  in  wooden  vessels  where  inlemal  furnaces  are  insisted 
on,  we  would  recommend  the  modification  patented  by  Galloway, 
of  Manchester.  The  elephant  boiler  has  been  much  used  by  the 
French,  though  but  partially,  perhaps,  for  steam- navigation,  Gal- 
loway's boiler  has  been  used  in  this  capacity,  I  believe,  to  some 
extent ;  my  own  immediate  experience  with  both  has  been  prin- 
cipally confined  to  land.  The  latter  boiler  was  first  introduced 
into  practice  in  London,  and  erected  for  public  inspection  and  trial 
K  the  Great  Exhibition  in  1851.     This  boiler  I  ahull  now  describe. 


I 


THE   GALLOWAY  COSICAL-TUBK   BOILER. 


I  MX  the  term  "  conical,"  rather  than  "patent,"  in  the  designation 
this  boiler,  because  the  p.it5utec3  have  other  patent  boilers  also. 
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with  vertical  tubes,  which  tubes  are  not  all  conical,  being  paril^ 
"firc-tubcs,"  or,  strictly  speaking,  small  tubuW  flues,  on  the  prin- 
ciple of  the  locoiQotive;  and  also  to  distinguish  it  in  itd  most 
prominent  feature,  in  relation  to  strength  and  durability,  from  the 
boilers  of  the  American  steamers  "Pacific"  and  "Baltic,"  Collins's 
line.  The  great  and  most  important  point  of  difference  between  the 
American  and  English  boiler  is,  that  in  the  former,  the  large  internal 
Bre-flue,  or  flame-chamber  is  occupied  by  a  great  number  of  par- 
alkl  tubes,  about  two  inches  diameter,  and  five  feet  long,  placed  verti- 
cally, and  connecting  the  upper  and  lower  portions  of  the  water- 
ehamber.  Through  these  tubes  the  water,  of  course,  circulates 
very  rapidly,  and  there  can  be  no  doubt  this  arrangement  forma  a 
most  effectual  means  of  warming  a  large  quantity  of  water  in  a 
abort  time,  and  with  great  economy.  Whereaa  in  the  Galloway 
boiler,  the  space  behind  the  furnace  ia  occupied  by  a  smaller  num- 
ber of  taper,  or  conical  tubes  of  five  or  six  inches  in  diameter  at  the 
lower,  and  nearly  double  that  diameter  at  their  upper  ends ;  conse- 
quently requiring  more  space  in  length  of  boiler,  though  less  in 
depth,  than  the  American  plan,  for  the  same  quantity  of  heating- 
surface. 

In  a  pamphlet  written  by  Captain  Ramsay,  R.N.,  published  in 
1851,  entitled,  "Remarks  on  some  of  the  causes  tliat  retard  the 
progress  of  our  STKAM-NAvr,"  several  good  observations  are  made 
in  illustration  of  the  necessity  of  using  much  higher  steam  than 
previously,  in  ships  of  war,  and  the  difficulty  in  attaining  that 
object  with  the  ordinary  construction  of  marine  boiler,  as  well  aa 
on  the  ill-adaptation  of  that  boiler  with  small  tubes  to  the  proper 
combustion  of  bituminous  coal  or  other  flaming  fuel.  In  discua- 
sing  this  subject,  page  58,  Captain  Ramsay  remarks: — 

"  The  strongest  form  of  boiler  which  we  are  acquainted  with  ifl 
one  invented  by  Messrs.  J.  and  W.  Galloway,  of  Manchester,  and 
which,  we  believe,  might,  with  modifications,  be  adapted  to  marine 
purposes.  The  peculiar  principle  of  this  boiler  is  the  serica  of 
short  vertical  tubes  which  act  as  stays.  The  only  objection  W 
which  these  boilers  are  liable,  as  marine  boilers,  would  be,  that 
using  tfofer- tubes,  there  is  a  liability  to  prime ;  but  we  woula 
meet  that  objection  by  making  the  upper  part  of  the  tubes  very 
large  in  proportion  to  the  lower  parts." 

Now,  tbi.s  last  suggestion  is  a  very  imporlant  one,  and  had  bofO 


^^^^^m  ON   BOILERS   GEXEn.VLLT.  239 

^^motolj  made  by  the  present  writer,  not  with  a  view  to  prevent 
priming,  solely,  but  also  for  insuring  a  more  effective  action  of  the 
flame  against  the  sides  of  the  tubes,  as  well  as  to  prevent  their 
being  injured  by  overheating  and  burning  out  at  their  upper  ends. 
In  fact,  I  professionally  advised  the  inventors,  on  being  consulted 
by  tliera,  previously  to  taking  out  their  patent  for  this  water-tube 
'  oiler,  in  I60O,  to  adopt  that  course.  This  advice  they  followed, 
nd  have  continued  to  pursue,  with  very  great  success  ever  since, 
lleasrs,  Galloway  having  supplied  several  fifty  horse  boilers,  for 
^e  Gutta  Percha  Company's  Works,  City  Road,  and  to  several 
tfhcr  factories  in  London,  during  that  and  the  following  year. 

One  of  those  boilers,  erected  under  my  superintendence  at  the 
City  Road  Works,  is  described  and  figured  in  my  "Rudimentary 
Treatise  on  Steam-Boilers."  In  that  work  it  was  stated  that  thia 
boiler  was  capable  of  evaporating  a  cubic  foot  of  water  per 
minute,  with  only  about  six  lbs.  of  bituminous  coal  per  hour,  not 
of  the  best  quality,  while  driving  a  thirty-horse  non-condensing 
engine  indicating  fitly  horse  power,  besides  supplying  steam  for 
other  purposes.  This  great,  if  not  unprecedented,  degree  of 
economy  has  been  doubted  by  some  persons  who  have  in  vain 
tried  to  evaporate  a  cubic  foot  of  water  by  less  than  eight  or  nine 
lbs.  under  the  same  circumstances :  that  is,  whiie  driving  an  engine 
at  full  work,  which  is  a  very  different  thing  to  the  kind  of  evapo- 
rating-experiments  some  time  ago  carried  on  by  order  of  Govern- 
ment, and  published  in  sundry  Reports  to  Parliament  on  coals 
suited  to  the  steam-navy.  These  Reports  are  merely  an  account 
of  the  results  of  certain  laboratory  experiments,  and,  however 
valuable  as  scientific  facts  such  investigations  may  be,  it  must  be 
said  that  the  labors  of  the  eminent  men  engaged  have  been  of 
little  use  in  improving  or  illustrating  the  actual  practice  of  engi- 
neers. The  highest  result  obtained  in  these  experiments  wa& 
10-21  lbs.  of  water  evaported  from  212°  for  each  lb.  of  the  best 
Welsh  coal.  (Ebbw  Vale.)  This  result  was  obtained  with  a  Cor- 
nish boiler.  With  a  Galloway  boiler,  however,  when  new,  with 
thinner  tubes,  that  is,  one-fourth  inch  instead  of  five -sixteenths, 
and  welded  up  the  side  instead  of  being  riveted,  I  have,  ocoa- 
Monally,  obtained  a  larger  performance  than  that  given  in  the  state- 
ment referred  to.     The  result  of  the  experiment  in  q^uestion  was. 
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tliat  eleven  and  one-tenth  pounds  of  water  was  evaporated  byeacli 
pound  of  coal  consumed  of  an  inferior  kind  called  Easl  Adair  a  main. 
The  pressure  of  the  steam  was  carefully  kept  up  during  the  experi- 
ment, (nearly  two  hours,)  at  exactly  40  lbs.  per  square  inch,  tho 
engine  doing  its  ordinary  work,  except  that  the  feed-pump  was 
stopped  ofij  and,  consequently,  no  feed-water  was  going  into  tlie 
boiler,  which  enabled  me  to  measure  very  accurately  the  fall  of 
the  water-level  in  the  glass  water-gauge;  and,  knowing  the  exact 
internal  dimensions  of  the  boiler,  the  quantity  of  water  boiled 
away  was  thus  clearly  ascertained  with  sufficient  exactness  for  a 
short  experiment :  at  any  rate,  the  result  was  as  near  the  truth  as 
the  quantity  of  coal  used  could  be  measured,  considering  that  the 
quantity  of  fuel  on  the  bars  had  to  be  estimated,  to  be  equal  at  the 
beginning  and  the  end  of  the  experiment.  At  that  time  (1850)  no 
such  thing  as  an  absolutely  correct  water-meter,  at  a  inoderale 
expense,  for  hoilers,  was  in  existence ;  that  desideratum,  bowever, 
now  appears  to  be  attained  by  the  invention  of  Mr.  Kennedy,  of 
Kilmarnock.  So  important  an  appendage  to  steam-boilers  as  a 
correct  boilcr-meler,  constantly  registering  the  quantity  of  water 
boiled  away,  has  been  long  looked  for  and  longed  for  by  every 
honest  engineer.  Besides  being  a  continual  check  against  lliat 
neglect  of  the  feed-water  which  too  frequently  results  in  explo- 
sions, it  will  also  be  a  serviceable  check  on  the  extravagant  expec- 
tations often  raised  upon  the  statements  of  interested  patentees  of 
their  schemes  for  saving  fuel.  I  do  not  risk  much  in  predicting 
that  when  these  meters  become  more  generally  known  and  used, 
tbey  will  produce  a  revolution  in  the  engine  and  boiler  trade,  quite 
as  great  as  was  produced  by  the  first  general  introduction  and  im- 
provement of  Watt's  indicator,  by  the  late  Mr,  John  M"Nanght,  of 
Glasgow ;  an  era  which  makes  us  now  look  back  to  those  tinies<rf 
hemp-packed  pistons,  "  never  tight,"  and  air-pump  buckets,  "  newr 
meant  to  draw,"  as  to  a  long-bygone  age,  though  but  few  ye»n 
have  elapsed  since  that  barbarous  time.  And  now,  by  the  help  of 
the  hoiUr-ineler,  we  hope  soon  to  dispel  the  present  uncertainties  of 
Bomo  hundreds  of  smoke  patentees  as  to  whether  their  plans  save 
seven  per  cent,  of  fuel,  or  seventy,  although,  for  aught  they  know, 
they  are  just  as  likely  to  do  one  as  the  other ;  but  I  have  a  strong 
suspicion  that  the  beat  of  them, — and  I  am  far  from  denying  thri 
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taw^fe  many  good  ones,— will  be  found  to  come  nearer  two  per 
cent,  tlian  twenty* 

Reverting  to  our  evaporating  experiment  at  the  Gutta  Porolia 
Works ;  tUe  pressure  being  forty  pounds,  the  temperature  of  the 
steaco,  and,  of  course,  the  water  also,  was  at  about  288°  Fahr.  In 
orJer  to  compare  with  the  ordinary  practice,  the  evaporation  of 
ll'l  to  1  must  be  reduced  to  what  it  would  be  were  the  boiler 
supplied  at  the  ordinary  standard  temperature  of  100°,  which,  by 
the  Admiralty  rule  for  that  purpose,  assuming  the  latent  heat  of 
water  at  1000°  is  as  follows : — 

(1212°  —  actual  temp.^88°)_>c_ll-l  _  90  n,, 
(1212^^tanaard  tempTlOO)  ^"1112" 
w&ter  to  one  of  coal. 

It  is  proper  to  state  that  the  rate  of  combustion  did  not  raucli 
exceed  ten  pounds  of  coal  per  square  foot  of  grate-bar  per  hour, 
and  that  the  experiments  were  repeated  in  the  presence  of  several 
competent  witnesses,  occasionally  reaching  a  corrected  evaporation 
of  ten  and  a  quarter  pounds  of  water  to  one  pound  of  coal ;  or, 
in  other  words,  a  Galloway  boiler  made  a  common  variety  of 
biluminous  Newcastle  coal,  in  ordinary  practice,  go  as  far  as  the 
best  TFefcA  in  a  pet  experiment  with  the  far-famed  Cornish  boiler. 

In  order  to  arrive  at  the  best  proportions  to  be  observed  in  a 
boiler  of  this  kind,  we  have  ample  experience  to  rely  upon.  Be- 
sides the  experience  afforded  by  the  great  niimber  made  by  Messrs. 
Galloway,  both  for  land  and  steamboat  purposes  during  the  last 
three  or  four  years, — there  is  a  sufficient  number  of  them  in  the 

•  Except,  perbup»,  20  per  cent,  bdow  par,  ntgative  "  saving."  Bat  we  trast 
this  wbjecl  will  jel  receive,  aa  it  deBervea,  more  Beriona  treatment.  At  a 
neetiDg  of  gmoke  palenleee,  called  bj  the  authorities  of  Leeds,  some  years 
ogo,  one,  the  most  notorioos  of  them,  whom  we  will  call  No.  1,  promised  50 
per  cent,  saving  in  fuel.  No.  2.  equally  well  known,  promised  60 !  while  others 
promLied  70  and  80  !  '.  not  being  pariiealar  to  a  few  per  cents.,  whom  we  may 
call,  collectively,  No.  3.  The  results  are. — No.  1  sent  a  new  steam-ship  to  lea 
with  this  plan,  which  ship  very  narrowly  escaped  the  fate  of  ■'  the  President," 
beiag.  only  through  the  greatest  care  and  discretion  of  her  commands, 
broaght  back  to  Cork,  to  repair  her  boilers,  /i/(cr  being  nine  days  out  en  htr 
way  to  Afnerica.  No.  2  had  his  plan  in  opcralion  not  far  from  the  MauoheBler 
Exchange,  which  ended  in  a  well-known  terrible  explosion,  killing  nine  or  ten 
people.  While  No.  3,  an  80  per  cent,  man,  has  more  recently  bad,  om  of  thft 
■oat  destmctive  explosions  on  record  in  Yorkshire. 
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metropolis  for  the  purpose  of  illustration.  Tlie  dimcnsicns  of  tliff 
boiler  at  the  Gutta  Percha  "Works,  above  referred  to,  wLere  llie 
evaporation  experiments  were  made,  are  as  follows : 

Length  of  boiler  thirty  feet  three  inches.  Diameter  of  ditto 
i:iside,  seven  feet.  Greatest  diameter  of  main  flue,  four  feet  as 
inches  inside,  by  three  feet  deep,  containing  thirteen  conical  water- 
tubes,  each  eleven  inches  inside  diameter  at  top,  and  nine  incheait 
bottom,  which  tubes  act  as  prop-stays  between  the  flat  top  ancl 
bottom  of  this  main  flue.  The  entrance  to  this  main  flue  is  bj 
two  parallel  and  similar  furnace  tubes,  each  eight  feet  long,  and 
somewhat  oval  in  sectioD,  being  two  feet  six  inches  wide,  by  two 
feet  nine  inches  deep.  But  they  are  stronger  than  if  they  vera 
circular,  on  account  of  containing  three  strong  cast-iron  bearing- 
bars  for  supporting  the  grate,  which  act  as  prop-stays  from  side  to 
side.  The  lire-grates  are  each  seven  feet  four  inches  long,  by  t«o 
feet  six  inches  wide,  containing  about  three-quarters  of  a  square  fool 
of  fire-bar  area  per  horse-power  for  the  SO-horse  boiler.  Eacli  of 
the  furnaeed  contained  two  lengths  of  fire-bars,  the  front  bars  being 
one  inch  and  those  at  the  back  one  and  a  quarter  thick,  with  tluw 
eighths  of  an  inch  spaces  between  them  in  both  cases.  This  pitcli 
of  the  bars  was  adopted  without  my  concurrence,  otherwise  1 
should  have  preferred  the  front  bars,  one  and  a  half  inches  tKiek, 
with  the  same  spaces,  and  the  back  bars  with  one  and  a  quarttt 
or  five-sixteenth  spaces,  instead  of  three -eighths,  in  order  to  attain 
a  more  perfect  combustion  of  the  smoke. — that  being  the  object  for 
which  Messrs.  Galloway  originally  adopted  the  double  furnace 
plan.  These  grates  have  since  been  replaced  by  Miller's  (no* 
expired)  patent  movable  bars  as  improved  by  Mr.  Annan  for  Mf- 
Chanter,  the  proprietor  of  that  patent,  that  is,  by  making  even 
alternate  bar,  only,  movable  by  hand,  instead  of  the  whole  set. 
when  each  adjoining  bar  moved  alternately  in  opposite  directions 
according  to  the  mode  originally  patented  by  ilr.  Miller.  Tbae 
movable  bars,  in  some  mea.sure,  answer  the  same  end  as  the  lliin 
bars ;  that  is,  of  increasing  the  rate  of  combustion  and,  of  course, 
increasing  the  evaporating  power  of  the  boiler,  at  the  expeiiK. 
perhaps,  of  a  little  smoke,  which,  however,  may  consist  with  tin 
most  perfectly  attainable  economical  combustion  of  the  fuel. 

"Perfect  combustion,"  and  the  action  of  a  "perfectly  smokele* 
ftirnace,"  are  very  far  from  being  synonymous,  or  even  aimiltf 
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,  wiJely- 


sometimes,  i 

opposite  results,  both  cbemical  and  pliyaical,  not  always  likely  to 
hd  recognized  by  every  noisy  patentee  or  pretender  who  takes  his 
ciiemistry  like  hia  physic,  from  the  pharmacopceia.  In  some  con 
fpicuous  instances,  at  least,  the  philosophical  jargon  employed 
really  encumbers  the  path  of  science  and  progress,  and,  finally. 
becomes  a  much  greater  nuisance  than  the  smoke  which  theso 
mock-fShiloaophers  pretend  to  subdue. 

So  far  from  perfect  combustion,  and  perfect  amokelessneas.  In  a 
steam-engine  furnace  being  identical,  they  are,  very  commonly,  the 
antitheais  of  each  other ;  perfect  combustion  being  the  most  corn 
pletely  effected  when  tlie  whole  of  the  oxygen  passing  through  the 
grate  is  the  most  nearly  or  perfectly  used  up  in  combining  with 
the  hydrogen  and  carbon  of  the  fuel,  although  it  may  be  occa- 
sionally accompanied  by  the  inapprmah!}/  small  loss  of  a  few 
uncombined  atoms  of  the  latter  substance  in  the  form  of  smoke  or 
soot,  which  in  fact  it  is,  in  a  finely-divided  and  impalpable  state, 
merely  giving  a  blofk  cohr  to  the  nitrogen  and  other  useless  incom- 
Imstihle  gaseous  products  of  the  furnace.  These  products  rmtst 
pass  off,  visible  or  invisible,  at  whatever  cost,  although  we  ques- 
tion, were  it  possible  to  collect  all  the  fuel  in  a  large  volume  of 
risible  amoke  many  hundreds  of  miles  in  extent,  whether  it  would 
amount  to  a  single  ton  of  coals.  A  smokeless  furnace,  however, 
on  the  other  hand,  when  the  result  of  a  thick  fire,  thick  bars,  and 
slow  combustion,  may,  and  frequently  does,  occasion  a  loss  of  a 
large  part  of  the  carbon  of  the  coal,  which  passes  off  by  the  chim- 
ney, only  half-burned,  in  the  shape  of  perfectly  invisible  carbonic- 
oxide-gas,  thus  creating  a  dead  loss  of  25  per  ceut.  in  coal.  Thia 
evil,  however,  admits  of  prevention  in  these  double  furnaces,  and 
by  other  simple  means. 

As  to  the  strength  of  this  boiler,  the  furnace-plates  are  of  Low  Moor 
iron,  three-eighths  of  an  inch  thick,  the  flue  and  shell  of  the  same 
thickness  of  the  best  Staffordshire,  and  the  flat  ends  one-half  inch. 
The  ordinary  working  pressure  of  the  ateam  being  about  thirty-five 
pounds  per  square  inch,  gives  a  strain  of  about  4000  pounds  on 
each  square  inch  sectional  area  of  the  iron  in  the  circular  part  of 
the  shell,  leaving  a  auridus  of  about  1000  pounds  per  square  inch 
r  strength  in  that  part  of  the  boiler,  which  ia  equal  to  with- 
a  bigher  pressure  of  ntcam  by  25  per  cent.,  and  we  may  bo 
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Btill  assured  tliat  tlio  boiler  is  not  strained  to  one-sixth  of  itsnlfr  ' 
mate  power  of  elasticity,  that  being  taken  at  about  20,000  ponudl 
per  square  inch  of  sectional  area. 

One  object  of  adducing  this  case  of  a  Galloway  boiler  at  mcli 
length,  is  to  show  the  propriety  of  using  a  much  higher  pressure 
of  steam  thaa  has  hitherto  been  usual  or  much  practised  in  mu- 
rine boilers,  as  well  aa  the  safety  of  those  boilers  for  that  purpose; 
and  it  is  proper  to  state  that  the  strength  of  the  plates  aa  above 
given  is  now  found,  after  a  trial  of  five  years'  constant  work, 
amply  sufficient  for  every  purpose,  with  engines  requiring  st«am 
from  forty  to  fifty  pounds  pressure.  This  boiler  has  been  during 
that  time  which  may  be  said  to  be  nearly  equal  to  ten  yer.rs, 
working  the  ordinary  day-work  in  a  regular  factory,  and  undertis 
various  viciaaitudes  commonly  attendant  on  night  and  day  work- 
ing, it  has  not  sustained  a  single  caaiialty,  and  not  even  a  leakag* 
of  any  kind  that  could  bo  discovered  after  the  most  careful  in- 
spection. My  own  personal  examination  was  particularly  anJ 
frequently  directed  to  the  upper  end  of  the  vertical  tubes  where 
the  flame  impinges  with  its  greatest  intensity,  immediately  after 
passing  over  the  furnace  bridge, — this  particular  part  having  been 
pronounced  by  all  practical  boiler-makers  as  being  the  most  vulnen- 
ble  point  in  otber  vertical-tube  boilers.  I,  in  consequence,  subjecW 
it  from  time  to  time  to  the  most  scrupulous  examination.  The  W 
suit,  on  the  wliole,  has  been  so  satisfactory  that  I  now  venture  W 
recommend  this  plan  of  boiler  as  pre-eminently  suited  to  marine 
purposes.  Should  any  doubt  remain  on  the  mind  of  any  engine^ 
as  to  the  power  of  the  "eUiptical"  flue,  aa  it  has  been  wrongly 
called,  to  resist  collapse  from  150  lb.  pressure,  that  doubt  can  onlf 
apply  to  the  segmental  or  semicircular  portion  of  its  sides,— Ae 
flat  top,  supported  by  any  adequate  number  of  tubes,  being  im- 
possible of  collapse.  There  is  one  exception,  which  may  be  stated 
in  order  to  remove  such  doubt.  And  as  exceptions  somelimM 
prove  the  rule,  this  one  will  serve  to  corroborate  our  opinioHi 
already  expressed,  as  to  the  much  greater  sfrength  of  this  form  rf 
boiler  than  those  of  the  "  Pacific,"  "  Baltic,"  and  otliers  with  longer 
vertical  water  tubes,  and  which  tJierp/ore  have  the  tideg  of  their  mm* 
fiites  of  greater  depth,  and  consequently  weaker.  The  exception 
is,  that  only  a  single  case  has  occurred  in  the  whole  range  of 
Messrs.  Galloway's  extensive  practice  in.  the  manufacture  of  those 
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Hnl^vVliere  collapse  in  the  flue  t<x}k  ]>1ace  ;  and  on  that  occa- 
^■ni,  as  appeared  from  the  report  of  aiiothor  engineer,  was  clearly 
^ptributable  to  this  portion  of  the  flue  having  (from  some  unac- 
countable caprico)  been  made  nearly  flat,  or  at  least  with  a  very 
great  radius  of  curvature.  The  proper  curve,  however,  for  thi? 
portion  of  the  flue,  it  ia  very  clear,  should  be  a  semi -cylinder,  oi 
a  portion  of  one,  of  the  same  radius  as  the  top  of  the  furnace-tube, 
when  of  the  same  thickness,  they  being  both  aubjectad  to  the  same 
pressure. 

Besides  other  and  larger  boilers  on  the  Galloway  plan  at  the 

Gutta  Percha  works,  I  have  also  erected  several  of  various  sizes 

t  other  places,  in  which  perhaps  better  proportions  were  attained. 

I  Two  such  boilers  have  been  working  for  nearly  four  years  past 

\  the  London  Zinc  Mills,  more  successfully,  perhaps,  and  with 

later  economy,  than  has  ever  before  been  obtained  with  any 

ler  description  of  boiler  under  similarly  unfavorable  circum- 

mces.     The  dimensions  of  these  two  boilers  are  precisely  the 

Htme,  and  are  as  follows :  Length  twenty -four  feet,  diameter  seven 

feet.     Greatest  diameter  of  main  flue,  five  feet  seven  inches :  which 

flue  contains  twenty-one  vertical  water  tubes,  eleven  and  a  half 

inches  diameter  at  top,  six  inches  at  bottom,  and  two  feet  ten 

inches  long.     These  tubes  are  three-sixteenths  thick,  wtlded,  and 

placed  zigzag  iashion,  so  that  a  man  may  creep  easily  along  each 

fide  of  the  flue  and  sweep  in  amongst  them.     ITie  boilers  are 

placed  upon  a  number  of  fire-brick   blocks,  or   short  columns, 

^ghtcen  inches  high,  nine  inches  diameter,  and  eighteen  inches 

Koart, — so  that  the  whole  of  the  lower  half  of  the  external  shell 

Hi  the  boiler,  except  where  it  rests  on  the  columns,  is  e.tposod  to 

Hie  smoke  and  hot  air  in  the  flame-bed.     The  flame  and   smoke 

^Bns  pass  through  among  these  columns  immediately  after  passing 

^ftrough  the  main  internal  flue-tube,  and  then  dip  underneath  the 

^Bh-pit  in  .order  to  pass  into  the  chimney-flue.     Consequently  the 

^Moducts  of  combustion,  after  proceeding  from  the  furnaces,  mak^ 

^Eit  one  return  to  the  front  of  the  boiler  before  passing  off  to  the 

Bbimaey,  which  happens  to  be  situated  near  the  front  end  of  the 

^vnler.    The  fact  of  the  very  great  economy  of  these  two  boilers 

^Kth  this  mode  of  setting,  so  very  opposite  to  the  Cornish,  and  in- 

^Beed  the  too  usual  system  of  several  returns  of  long  winding  flues, 

^K  which  system  it  is  in  my  mind  utter  condemnation,  would  justify 
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any  one,  cognizant  of  tliia  case,  to  set  up  such  boilers  in  the  dira 
manner,  or  without  auy  return  flues  whatever.  This  circumalanue 
shows  the  suitability  of  these  boilers  for  marine  purposes  where 
no  external  flues  can  be  admitted. 

T!ie  four  furnaces  of  these  two  boilers  are  each  seven  feet  si 
inches  long  by  two  feet  nine  inches  diameter,  and  two  feet  eleyen 
inches  deep, — composed  of  Low  Moor  plates  five-sixteenths  ttict. 
Each  of  these  furnaces  contained  three  lengths  of  fire-bars,  eaci 
about  two  feet  two  inches  long,  half  an  inch  thick,  and  ihree- 
eighth-inch  spaces  between  them, — making  about  two-thirds  of  a 
square  foot  area  of  fire-bar  surface  for  each  nominal  horse-poife: 
of  the  boiler,  that  being  called  fifty-five  horse. 

The  external  circular  shell  of  the  boiler  is  three -eightlis  of  M 
inch  thick,  and  the  ends  seven-sixteenths  of  Staftbrdshire  plate* 
"  Thorneycroft's  best  best  crown  iron."  The  flat  ends  are  stiffened  ^ 
by  angle  irons  riveted  across  from  side  to  aide,  midway  between  ihe  ' 
flue  and  the  top,  and  from  these  proceed  stay-bars  six  feet  lonj  I 
riveted  in  a  sloping  direction  to  the  top  of  the  boiler.  Besida 
these,  each  end  is  further  strengthened  by  four  "gusset"  or  angu- 
lar plate  stays.  The  angle  irons  round  the  ends  are  three  and  » 
haif  inches  brnail,  and  the  rivets  are  two  inches  pitch.  Eacli 
boiler  is  surmounted  by  a  cylindrical  horizontal  steam  "dome," 
ten  feet  by  three  feet,  with  curved  ends,  the  same  thickness  of  iron 
as  the  boiler.  This  dome  is  riveted  to  the  boiler  by  two  cast-iron 
neeks  or  short  pipes,  ten  inches  long  by  eight  inches  diameter,  To 
these  domes  the  steam-pipes  are  attached.  One  five-inch  flat  disk 
lever  safety-valve,  and  one  glass  water-gauge,  is  attat^hed  to  each 
boiler,  but  no  float-gauge  nor  self-acting  feed. 

These  two  boilers  were  employed  to  drive  two  forty-horse  en- 
gines of  the  ordinary  Boulton  and  Watt's  construction,  made  bj 
Peel,  Williams  and  Peel,  of  Manchester;  thirty-four  inch  cylin- 
ders, six  feet  stroke,  and  twenty  turns  a  minute ;  working  together 
a  little  over  200  indicated  horse-power,  which  they  ordinarily  did 
-  with  less  than  three  pounds  of  coal  per  horse-power  per  hour. 
The  steam,  being  thirty -five  to  forty-five  pounds  in  the  boilers,  is 
cut  off  \>y  the  governor  and  double-beat  throttle-valve,  instead  of 
a  separate  expansion-valve,  at  an  average  of  about  a  third  to 
half  the  stroke. 

It  is  perhaps  useful  to  mention  that  the  peculiarly  sudden  action 
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F  tliia  double-beat  or  equilibrium- valve,  when  used  as  a  (hnUlf 
live,  has  always  a  tendency  to  cause  priming,  mucb  more  than 
I  ordinary  spindle  throttle- valve  of  Boulton  aud  Watt     This, 
■together  with  the  nature  of  the  work  carried  ou, — that  of  rolling 
Vftti-k   lumps  of  metal,  called,   significantly  enough,    "breaking- 
down,"  and  thin  sheets  called  "flnisbing,"  where  very  great  irregu- 
larity of  resistance  is  inevitable,^involvea  the  necessity  of  keeping 
the  steam  very  much  higher  in  the  boiler  than  is  required  in  the 
cylinder :  the  steam  in  the  cylinder  seldom  ranging  so  high  as 
twenty  pounds  per  square  inch,  while  in  the  boiler  it  is  from  thirty 
to  forty  pounds.     The  ever-varying   resistance  caused  by  these 
L  lumps  and  sheets  of  metal  passing  through  two,  three,  or  four  pair 
iHif  rolls,  at  the  same  time,  is  one  of  the  unfavorable  circumstances 
for  economy  before  alluded  to. 

Another  cireum-stance,  unfavorable  to  very  great  economy  in 
this  case,  was  the  draught,  which,  although  the  chimney  is  of  suf- 
ficient elevation  and  cap.icity,  was  much  injured  by  communication 
■  with  other  furnaces  and  fire-places,  some  of  them  open  ones,  which, 
l^thout  great  care  in,  or  total  absence  of  stoking  or  ttirring  the  fire, 
made  it  impossible  to  prevent  some  smoke  at  particular  times, 
especially  after  the  fire-doors  had  been  thrown  open,  and  the 
furnace  too  much  cooled.  Although  valves  were  applied  for  ad- 
mitting air  at  the  bridges  of  the  four  furnaces  of  these  boilers, 
by  which  all  dense  smoke  was  thereby  entirely  prevented  for  a 
period  of  tliree  or  four  months,  and  a  certificate  was  obtained 
&om  Sir  Richard  Mayne,  the  chief  inspector  under  the  Metropol- 
itan Smoke  Act,  to  that  effect,  yet  no  sooner  was  there  an  occa- 
aion  to  change  the  fireman,  for  a  more  indualrioHS  stoker,  than  the 
smoke  again  appeared,  and  the  owner  was  convicted,  unjustly,  as  I 
think,  in  a  penalty  under  Lord  Palmerston's  Act,  It  is  unnecessary 
to  add  that  the  greatest  economy  of  these  boilers  in  fuel  was  he/iyre 
the  Smoke  Act  came  into  operation.  In  addition  to  this,  the 
situation  of  the  boilers  was  such  as  necessitated  the  "dipping"  of 
the  flue  considerably,  in  ortler  to  enable  it  to  pass  beneath  the  ash- 
pit, which  is  well  known  to  be  extremely  detrimental  to  draught 
Kot withstanding  all  those  drawbacks  against  the  probability  of  a 
good  performance  with,  at  that  time,  nearly  a  quite  new  kind  of 
boiler,  these  boilers  have  continued  to  work  four  years  without 
mishap  or  difficulty  of  any  kind — nearly  two  years  of  that  time 
ig^ht  and  day — at  the  same  extremely  economical  rate. 
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More  practical  reasons  of  the  like  kind  might  be  here  given ;  bnl 
what  has  been  already  advanced  may  be  considered  euffieicnl  ti> 
warrant  the  conclusion  that  this  plan  of  boiler  might  at  ouce  be 
ftpplied  as  a  marine  boiler,  with  the  greatest  propriety  and  mural 
certamty  of  success.  For  this  purpose  the  boiler  will  require  very 
little  modification  from  the  form  indicated  by  the  above  descriptiiin 
If  any  deviation  bo  necessary,  I  would  advise  that  for  60  or  70  IbB 
pressure  the  diameter  should  be  reduced  to  between  five  and  a  half 
and  six  and  a  half  feet,  and,  to  meet  the  exigencies  of  working 
with  salt-water,  besides  using  the  ordinary  surface  "  blow-oi^"  aod 
other  similar  appliances,*  we  would  make  all  the  plates  one-sii- 
teenth  of  an  inch  thicker  throughout.  If  required  to  work  nearly 
or  quite  up  to  the  maximum  pressure  of  100  lbs.,  then  all  the  parts 
admitting  of  it  should  be  double  riveted,  and  the  rest  vxliied. 

THE   ESnrBITION  BOILER   OF   1851. 

In  recommending  that  the  diameter  of  a  high-pressure  Galloway 
boiler  should  bo  about  six  feet,  it  is  not  without  due  cousideration, 
and  considerable  experience  of  various  precedents  that  I  offer  tlia 
recommendation.  One  such  boiler  may  now  be  referred  to,  be- 
longing to  the  West- Ham  Gutta  Percha  Company  of  West  Stroet, 
Smithfield,  by  whom  it  was  bought  of  the  Commissioners  of  the 
Hyde  Park  Exhihition  of  1851,  whore  it  had  been  worked  during 
the  six  months  that  the  Exhibition  was  open.  And,  although  obIv 
one  of  nine  boilers  of  about  equal  power  used  for  the  purpose,  il 
supplied,  as  nearly  as  could  be  estimated,  about  one  third  of  tlifl 
whole  of  the  steam  used  in  that  building.  To  young  engineers, 
who  usually  take  theory  before  practice,  it  may  be  as  well  to  etaW 
that  my  reasons,  when  consulted  on  the  subject,  for  fixing  on  six 
feet  as  the  most  fitting  diameter  for  this  exhibition  boiler,  were,  in 
the  first  place,  that  with  that  diameter,  according  to  the  roles 
already  given  by  me,  a  three-eighths  of  an  inch  plate  is  of  ample 
strength  for  a  working-pressure  of  40  lbs.  per  square  inch ;  that 

*  Lamb'a  "  Surruce  blow-oCT  appariitus."  as  described  Id  Mnrray  od  "  HariM 
Engiriea,"  1852,  or  m;  Boilcr-ClfnnJkig  Mnchiti<?!i,  aa  desi^ribcd  in  nj  Easaf  on 
Boilera  in  1838.  and  first  figured  in  tbe  Artisan  Club's  "  Treatise  on  the  Sloan- 
Engine,"  ID  1844,  taaj  be  used  indifferently,  as  Ihej  are  ciibatnntiallj  the  tune 
thing  intended  Tor  dilTureDt  purposes :  llie  object  ur  tho  furmcr  bciog  to  prevent 
»eale,  aad  that  of  the  Ulter  to  prevent  pn'mMMj. 
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bemg  tlie  steam-pressure  recommended  by  Sir  "W.  CuLitt,  and  the 
other  comraiasioners,  not  to  be  exceeded,  and  from  whom  I  ob- 
tained at  last,  with  some  little  perseverance,  their  consent  to  exhibit 
this  boiler,  a  difficulty  created  through  some  mistake,  by  which 
four  boilers  of  a  diflerent  kind  had  been  jircviously  ordered.  It 
was  then  erroneously  supposed  that  those  four  boilers  which  were 

Lof  the  multitubular  class,  though  without  fire-boxes,  blast-pipea, 
WP  large  chimney  for  draught,  would  have  furnished  an  ample 
lupply  of  steam  for  all  the  purposes  of  the  exhibition ;  but  in  this 
r,  as  the  event  proved,  they  were  utterly  deficient,  not  produo- 
big  even  half  the  quantity  of  steam  required,  so  that  this  Galloway 
toiler  was  considered  only  as  a  supernumerary  one, — a  circumstance 
Vhich  gave  a  very  instructive  lesson  to  the  railway  and  other  en- 

Kgineers  who  had  the  principal  share  in  managing  the  preparations 
for  working  the  machinery  on  that  occasion ;  and  the  result  was 

Rihat /tiur  addicional  boilers  had  to  be  aupphed  in  great  haste  by  the 
me  contractor,  making  in  all  eight  of  the  multitubular  variety, 

"ind  one  Galloway  boiler,  before  an  adequate  supply  of  steam  was 
obtained.  Although  had  the  architectural  and  decorative  portion 
of  the  Commissioners  consented  to  the  erection  of  a  brick  chimney, 
which  would  have  been  quite  in  keeping  with  the  engineering  and 
scientific  object  of  the  exhibition,  instead  of  nine  boilers,  any  three 
of  them  would  have  been  sufficient,  besides  giving  an  excellent 
opportunity  of  exhibiting  a  variety  of  smoke-buming  inventions 
vhich  were  thereby  virtually  ignored.  As  it  was,  there  was  a 
petty  exhibition  of  locomotive  chimneys,  a  few  feet  in  height, — 
with  one  exception,  the  funnel  of  a  marine  boiler,  only  twenty 
feet  high,  which,  in  spite  of  some  opposition,  I  succeeded  in  having 
erected  to  the  Galloway  boiler  we  are  now  describing. 

The  pressure  of  the  steam  being  limited  to  forty  pounds  per 
square  inch,  a  three-eighths  of  an  inch  plate  will  only  have  a  ten- 
mle  strain  upon  it  of  something  less  than  4000  pounds  per  square 

HBch,  sectional  area  of  the  iron.     The  formula  for  the  strength  of 

Aoilers  which  I  usually  employ  is,  p  ^  —y-  where  s  is  the  strain 

■jrhich,  in  this  case  ^  4000  pounds,  t  =  the  thickness  of  the  metal 
fil  inches,  =  "375  or  5,  and  d  =  the  diameter  of  the  boiler,  72 
iches,  or, 
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will  be  the  pressure  of  the  steam  allowable  with  these  dimeosionaj 
and  I  have  no  doubt  whatever  that  double  that  pressure  might 
have  been  put  on  with  perfect  safety,  bo  far  an  tb'j  tensile  strain  on 
the  circular  portion  of  the  boiler  is  concerned. 

Another  reason  for  the  particular  dimensions  of  this  boiler  wai, 
that,  besides  knowing  well  what  a  three-eighth  plate  will  bear,  it  is 
BO  very  much  used  that  the  proper  thickness  for  Becuring  the  best 
workmanship  can  readily  be  obtained. 

There  needs,  perhaps,  no  excuse  for  having  made  this  boiler 
"  stronger  than  strong  enough,"  seeing  that  it  was  to  be  erected  in 
the  close  vicinity  of  so  many  thousands  of  persons,  daily  assem- 
bled in  the  exhibition  building,  which  was,  of  itself,  a  matter  of 
no  little  responsibility;  for  it  was  considered  good  policy  not  only 
to  be  perfectly  safe,  but  also  to  enable  the  general  public  to  feel 
themselves  safe,  by  an  assurance  of.  a  surplus  of  strength  so  Ut 
beyond  any  possible  requirements. 

For  ordinary  commercial  purposes,  however,  where  people  gen- 
erally know  what  they  ore  about,  as  well  as  for  warlike  and  other 
government  purposes,  where  they  ought  to  know,  if  auywheire, 
this  very  inordinate  precaution  is  out  of  place.  And  although  I 
have,  both  by  precept  and  example,  reoommended,  in  common 
with  many  other  engineers,  4000  lbs.  for  "best"  Staftbrdshire,  anil 
5000  lbs.  per  square  inch  strain  of  Yorkshire  iron,  as  a  safe  rale 
to  be  adhered  to  by  boiler-makers,  I  am  now  inclined  to  moJiff 
that  opinion.  By  fixing  too  low  a  standard  for  strength  of  iro" 
structures  generally,  the  result  has  been  to  induce  the  manufauturfl 
of  very  inferior  and  low-priced  qualities  of  iron,  which  are  sub- 
stituted for  the  best  in  many  situations  where  detection  of  tha 
inferior  quality  is  difficult ;  and,  so  long  as  such  inferior  qualitirt 
reached  the  low  standard  required  for  the  best,  at  a  much  highar 
price,  an  inducement  is  gradually  being  created  among  boiler- 
makers  to  believe  that,  in  many  instances  it  is  only  "the  name  of 
the  thing,"  which  their  customers  are  desirous  of  paying  for. 
Hence  the  various  designations  of  "  best"  and  "  beat  li^st  iron," 
although  the  latter,  in  some  coses,  signifies  the  worst  of  two  or 
three  qualities  made  at  the  same  place.  As  three-eighths  of  an 
inch  is  a  kind  of  standard  thickness  to  refer  to,  and  the  kind 
called  "  Tliomecrofl's  best  crown"  is  so  well  known,  it  is  proper  to 
state  that,  not  only  has  the  boiler  already  referred  to  been  working 
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■t  fit>[n  50  to  60  Ibs^  but  several  other  boilers  o 
of  iron,  same  thickness,  made  bj  tlie  same  makers,  and  in  everj 
way  similar,  except  iii  being  one  foot  more  in  diameter  (which 
would  be  equivalent  to  an  increase  up  to  from  60  to  70  lbs.  upon 
this  six-foot  boiler,)  have  been  working  nearly  the  same  length  of 
time,  and  they  are  working  now  with  perfect  impunity,  at  the 
same  pressure.  Those  boilers  were  all  tested  at  the  injndieioud 
pressure,  in  my  opinion,  of  "  three  limes  their  tmrking-fn-esaure." 

There  is  an  universal  prejudice  among  engineers  in  favor  of  this 
"treble  proof  of  the  strength  of  a  boiler.  This  exhibition  boiler, 
for  instance,  was  thus  proved,  in  the  presence  of  one  of  the  Royal 
Commissioners,  at  150  lbs.  per  square  inch,  which  pressure,  in  the 
Commissioner's  and  the  maker's  opinions,  was  required  to  justify 
them  in  working  it  at  50  lbs.,  although,  in  an  ordinary  case,  120 
lbs.  would  have  satisfied  them  when  the  working-pressure  waa 
intended  to  be  only  40  lbs.  Now,  I  am  not  going  to  contend  that 
the  least  injury  was  likely  to  be  sustained  by  this  particular  boiler 
exposed  to  so  severe  a  strain ;  but  I  wish  to  point  out  the  absurdity 
and  injurious  consequences  likely  to  arise  from  the  prevalence  of 
such  a  dogma  when  applied  to  very  high  pre-isure,  however  safe  it 
has  always  been  at  low  ones,  say  under  10  lbs.,  or,  at  most,  up  to 
20  lbs.  per  square  inch. 

If,  instead  of  moderately  good  Staffordshire  plates,  capable,  we 
may  suppose,  of  bearing  a  tensile  strain  of  twenty  tons  per  square 
inch  section  before  breaking,  we  have  a  boiler  to  test  made  of  an 
inferior  quality  of  iron,  say  only  capable  of  supporting  sixteen  or 
seventeen  tons,  which  was  found  by  Mr.  Lloyd  to  be  the  ultimate 
Btrength  of  the  iron  of  the  boiler  of  the  "  Cricket"  steamboat  that 
exploded  on  the  Thames,  in  1847 ;  and  if  as  was  proved  by  Mr. 
Lloyd,  in  that  case,  by  direct  experiment  on  the  corresponding 
boiler,  every  way  similar  to  the  exploded  one,  namely  five  feet 
diameter  and  three-eighth  plates,  that  the  latter  was  severely 
strained  close  to  the  bursting-point,  and  permanently  injured  by 
the  application  of  136  lbs.  per  square  inch,  giving  a  reduction  of 
about  forty  per  cent,  for  the  riveted,  below  the  original,  or  solid 
plate,  as  tested  by  him,  in  strips  of  two  inches  broad, — we  have 
only  to  suppose  that  our  exhibition  boiler  had  been  of  the  "half- 
penny boat  Cricket"  quality,  and  if  tested  at  three  times  the 
Htended  press  ire,  or  120  lbs.,  which  it  might  have  passed  safely, 
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perhaps,  once,  and  afterwards  worked,  without  suspicion,  Wi 
although  in  reality,  weakened  by  the  process  so  much  as  to  beooms 
dftugeroua,  even  at  sixty,  and  it  might  explode  at  half-a-dozen  or 
BO  pounds  higher  pressure.  If  such  a  result  may  follow  sact  a 
practice,  what,  it  may  be  asked,  would  be  a  safer  mode  of  proceed- 
ing ?  I  answer,  from  the  results  of  my  own  practice,  as  follows: 
1  would  have  taken  a  mean  point  in  the  above  supposed  case, 
between  40  lbs.,  the  working-pressure,  and  the  estimated  strengtli 
of  the  iron,  say  140,  which  would  be  at  90  lbs.,  and  make  that  the 
point  at  which  to  teat  the  boiler.  That  is  not  much  more  thsn 
double,  in  fact,  120  per  cent,,  above  its  working- pressure,  namely 
50  lbs.,  as  well  as  being  also  50  lbs.  below  the  estimated  strengtli 
of  the  iron ;  and  supposing  the  life  (as  it  is  called)  of  such  a  boiler 
to  be  estimated  at  five  years,  then  this  proof  test  ought  to  be  '' 
reduced  by  equ^l  instalments  of  10  or  15  lbs.  each  year,  Kow, 
who  will  say  that,  if  such  a  course  of  procedure,  or  some  simiUr 
one,  had  been  made  compulsory  by  legal  enactment,  before  O* 
"Cricket"  explosion,  that  that  "accident,"  and  many  others,  would 
not  have  been  avoided  ?  But  as  we  are,  so  far,  only  dealing  widi 
probabilities,  we  may  take  the  actual  pressure  used  in  the  "  Cricket," 
namely,  working-pressure,  as  proved  at  the  inquest,  66  lbs.,ttie 
bursting- pressure,  as  proved  by  Mr.  Lloyd's  experiments,  136  lbs, 

which  gives  a  mean  of „ — — ^  101  lbs.  for  the  teatiog-point, 

or  about  fifty  per  cent,  only,  above  the  actual  working-pressure. 
By  this,  it  will  be  seen  how  much  safer  a  test  of  this  proportion 
would  have  been  than  the  treble  test. 

I  have  stated  in  a  previous  work  that  a  test  of  double  the  work- 
ing-pressure was  amply  sufficient ;  but  I  by  no  means  wished  it  to 
be  inferred  that  such  a  test  should  bo  considered  to  be  necessar?! 
or  usuful,  except  at  moderately  low  pressures.  In  my  notes  to  the 
edition  of  "  Tredgold  on  the  Steam-engine,"  published  in  1852-i 
I  regret  having  overlooked  what  I  consider  a  dangerous  error  in 
that  author.  Although  he  admits  that  double  the  working-preasiiw 
is  a  sufficient  test  for  low-pressure  boilers,  he  states  that  "it 
becomes  insufficient  in  high-pressure  boilers,  because  tbey  have  » 
smaller  amount  of  steam  room,"  and  actually  gives  a  formula  [or 
calculating  the  excess  of  strength  which  he  would  give  to  a  boilef 
on  that  account,  saying,  "If  one  boiler  contains  twenty  cubic  fed 
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l^^adi  horae-power,  ami  another  only  ten,  the  boiler  with  only 
ten  feet  of  space  should  he  of  twice  the  strength,"  It  is  scarcely 
necessary  to  point  out  how  Trkdgold  confounds,  here,  two  entirely 
different  objects;  one,  the  prevention  of  injury  to  boilers  by 
excessive  strain  in  testing  them;  the  other,  the  having  such  an 
excess  of  strength  as  "  to  provide  against  accident  in  the  event  of 
the  valves  being  out  of  order,"  &c.  (Page  268.)  TruaiiDg  that 
theae  remarks  may  in  some  small  degree  atone  for  the  share  I  took 
with  others  much  more  competent  in  delaying  a  little  longer  the 
descent  into  oblivion  of  this  heterogeneous  work  of  "  Tredgold  on 
the  Steam-engine,"  I  shall  return  to  the  description  of  the  Galloway 
exhibition  boiler. 

If,  as  I  think  I  have  made  manifest,  this  six-feet  boiler  of  three- 
eighths  Staffordshire  iron,  with  the  ordinary  lap  and  single-riveted, 
be  equal  to  a  working-pressure  of  70  lbs.  per  sijuare  inch,  then  it 
may  safely  be  asserted  that  a  boiler  of  the  same  shape  and  dimen- 
sions of  Low-Moor  or  Bowling  Iron,  one  sixteenth  of  an  inch 
thicker,  and  double-riveted,  wtlded,  indeed,  where  necessary,  and 
judiciously  stayed,  would  be  abundantly  safe  to  work  in  a  steam- 
ship at  the  maximum  pressure  of  100  lbs. 

That  such  a  boiler  for  such  a  purpose  would  be  very  decidedly 
superior  in  every  respect  to  any  form  of  marine  boiler  at  present 
in  ordinary  use  for  large  steam-ships,  scarcely  a-imits  of  a  question 
with  any  one  understanding  the  subject ;  and  those  who  do  not 
may  have  the  clearest  of  proofs  iu  the  performance  of  the  land 
boilers  I  have  referred  to,  as  well  as  that  of  many  others  on  the 
same  principle,  now  spread  all  over  the  country. 

We  contend  for  the  adoption  of  the  correct  principle  which  we 
know  that  these  boilers  contain.  And  as  certainly  as  is  the  truth 
of  any  common  rule  in  arithmetic  demonstrable  to  those  who  con- 
sent to  examine  the  proof,  so  certain  is  it  in  my  apprehension  that 
any  expedient,  which  supersedes  the  present  flue  and  multituoular 
marine  boilers,  will  very  considerably  accelerate  the  passage  be- 
tween this  country  and  America.  If  this  be  accomplished  even 
only  by  a  single  day  of  the  nine  that  is  yet  required,  a  great  object 
will  be  attained  for  the  progress  and  welfare  of  the  people  of  both 
countries.  That  such  an  achievement  is  a  point  worthy  of  any 
man's  ambition,  we  need  not  insist  on, — or  that  of  any  number  of 
men,  on  either  or  on  both  sides  of  the  Atlantic.     To  shorten  the 
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way  to  America,  by  reducing  tbe  time  now  occupied  at 
of  only  ten  per  cent,  per  annum  for  the  next  four  yeara,  would 
solve  a  problem  of  immense  social  importance.  It  would  in  four 
years  time  lay  us  alongside  our  friends  and  brothers  in  the  United 
States  in  8IK  DAYS  !  That  this  will  yet  be  accomplished,  there  can 
be  little  doubt  I  Experiments  in  fact  are  already  in  progress  with 
this  end  in  view.  To  reach  New  York  in  six  days  is  an  object  far 
aljove  any  partisan  or  even  national  views,  nor  ia  the  benefit  wholly 
measurable  by  the  pecuniary  or  commercial  advantages  attained. 
For  it  is  by  such  achievements  that  nation  is  to  be  knit  to  nation 
by  bonds  of  undying  brotherhood,  and  the  advent  is  to  be  hastened 
of  that  peaceful  kingdom,  the  clarion  of  whose  renown,  and 
majesty  of  whose  sceptre,  will  command  the  joyful  homage 
mankind. 

On  a  subject  of  such  vast  interest  as  a  material  improvemei 
the  art  of  steam -navigation,  every  engineer,  sailor,  and  shipwright 
has  some  crochet  of  his  own.  I  confess  not  to  be  singular  in  this 
respect,  and  some  of  my  plans  of  improvement  have  been  not  con- 
fined to  paper.  They  have  embraced  both  engines  and  propellent 
but  have  principally  been  devoted  to  boilers  and  to  /umactt. 
Though  certainly  I  have  never  been  guilty  of  trj'ing  to  help  a 
ship  on  her  way  to  America  by  burning  smokr,  the  miscarriage 
caused  by  which  was  subsequently  visited  upon  unoffisoding 
parties. 

The  merit  of  that  abortive  attempt  lies  with  Mr,  Charles  Wye 
Williams,  so  well  known  for  his  nostrums  in  smoke  prevention, 
and  the  untiring  energy,  usually  appertaining  to  such  adventurers. 
That  a  properly  constructed  Fire-feeder,  which  would  supply  the 
furnaces  without  involving  the  necessity  of  opening  the  fire-door^ 
or  admitting  air  except  through  tbe  fire-bars,  would  be  of  great 
advantage,  and  abolish  the  slavery  of  the  stoke-hole,  no  one  can 
deny.  But  that  would  be  irrespective  of  any  smoke-consuming  or 
preventive  properties  it  might  possess ;  which,  however  desirable, 
should  not  be  allowed  to  engross  our  first  attention.  Feeding  and 
stoking  the  fire,  however,  have  long  been  accomplished  by  verj 
simple  machinery,  on  the  principles  of  Stanley  and  Walmslcy,  and 
Miller,  All  the  three  inventions  are  now  public  property;  tbe 
patents  having  long  since  expired ;  and,  alas,  the  patentucs, 
1  knew  well,  have  expired  also.     ITiey  were  thoroughly 
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en^neers,  and  their  inventions  were  entirely  successful  on  land,  aa 
they  would  liave  been  on  sea  also  had  an  opportunity  been  afforded 
for  their  trial.  Those  appliances  to  a  suitably  constructed  marine 
boiler  it  is  underrating  them  to  say  would  increase  the  boiler  power 
of  the  steam-ship  by  ten  per  cent.,  as  they  have  always  done  that 
of  the  steam-mill  on  land  by  double  that  amount. 

These,  and  many  such  equally  valuable  inventions,  not  the 
speculations  of  mere  "  acience-mongering"  amateurs,  or  paper 
engineers,  but  the  actual  fried  and  proved  productions  of  practical 
operative  mechanics,  lie  at  hand  ready  for  application  to  every 
emergency  that  can  possibly  arise  in  the  development  of  that 
improvement  of  steam-navigation  now  so  urgently  required, 

"  Where  there  is  a  will  there  is  a  way,"  ia  an  axiom  in  mechanics, 
as  in  other  things,  if  there  be  money.  As  a  sample  of  the  mode  of 
proceeding  in  the  choice  of  an  improved  boiler,  let  any  plain  busi- 
ness-man or  merchant — he  need  be  neither  an  engineer  nor  man  of 
science — obtain  a  ten-minutes'  interview  with  the  manager  of  the 
West-Ham  Gulla  Percha  Company,  at  their  extensive  works  in 
West  Street,  Smithficld ;  or  let  him  go  to  any  other  factory  of 
which  there  are  several  in  London,  where  the  Galloway  Boilers 
have  been  working  for  several  years, — for  I  perhaps  take  a  liberty 
in  referring  to  this  one  more  than  others,  which  I  have  done  from 
its  central  position  in  the  city,  and  its  having  been  so  well  known 
for  many  years  as  the  Iron  Works  of  the  late  Alexander  Galloway 
and  Sons,  the  eminent  engineers,  formerly  of  this  country,  but  now 
of  Egypt.  He  will  there  see  the  original  exhibition  boiler  at 
work,  which,  I  have  the  authority  of  Mr.  Walter  Hancock,  of  the 
Gutta  Percha  Company  for  stating,  has  been  working  under  hia 
superintendence  almost  uninterruptedly  four  or  five  years  since  the 
closing  of  the  Exhibition, — a  great  portion  of  that  time  working 
night  and  day,  and  frequcntlj  at  the  extreme  range  of  pressure ; 
this,  too,  without  any  deterioration  from  use,  A  few  minutes'  in- 
:tion  will  bring  entire  conviction  of  the  accuracy  of  what  we 
The  visitor  will  there  see  a  greater  quantity  of  steam  prg- 
iduced  by  a  comparatively  small  boiler,  which  might  if  necessary 
be  fixed  aboard  a  steam-ship,  and  at  work  in  a  few  days, — at  a 
greater  pressure  by  two  or  three  times  over  than  is  now  generally 
'Attainable  in  the  present  marine  boilers :  withal,  too,  at  the  coat 
w£  a  much  less  quantity  of  very  inferior  coal  than  is  at  present 
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required  pertapa  by  any  otber  description  of  boiler,  evei 
He  will  see  all  this  done  without  the  fussing,  stewing,  and  sweating 
of  the  present  barbarous  stoke-hole  practice  aboard  ship,  which 
too  many  people  think  a  necessary  concomitant  of  all  marine 
steam-engines.  On  the  contrary,  he  will  see  the  work  done  quietly, 
with  cleanliness  and  easily ;  and  the  black  smoke  "  perfectly  con- 
sumed" into  the  bargain,  without  the  intervention  of  any  smoke- 
consuming  apparatus  of  any  kind,  patent  or  otherwise, — no  air 
being  admitted  to  the  furnace  except  what  passes  through  the  fire- 
grate ;  and  he  will  instantly  ask  himself,  is  all  this  applicable  or 
possible  in  a.  steam-ship  ?  My  answer  to  such  a  question  is,  thai 
it  certainly  is,  excepting  merely  the  tall,  brick  chimney,  the  want 
of  which  would  only  affect  the  abihty  to  consume  inferior  fuel,  or 
the  prevention  of  a  little  smoke,  but  which  qualities,  if  thought 
important,  may  be  easily  retained  by  the  introduction  of  a  B 
blowing-fan. 


THE   ELEPHANT  BOILEB. 

Having  disposed  of  the  question,  how  steam  can  be  beat  d 
tained  at  a  pressure,  or  nearly  up  to  a  pressure,  of  100  lbs,  n 
square  inch,  and  that  in  boilers  with  internal  furnaces,  thei 
permitting  their  use  in  wooden  ships  where  necessary,  we  c 
now  to  the  requirements  of  100  lbs.  pressure  and  upwards.  F^~ 
this  purpose  we  anticipate  the  necessity  of  an  iron  ship.  The 
reason  for  this  is,  in  the  first  place,  that  to  enable  boilera  of  a 
given  thickness  and  strength  of  material  to  stand  a  double  pres- 
sure, they  must  be  just  half  the  diameter :  therefore  it  is  neces- 
sary to  have  external  instead  of  internal  furnaces.  It  is  an  inevi- 
table law  that  the  strength  of  the  shell  of  a  cylindrical  boiler  is 
inversely  as  its  diameter :  or,  in  other  words,  if  we  find  a  6-foot- 
diameter  boiler  with  a  three-eighths  shell  to  stand  60  lbs.  preasuHi 
then  we  may  be  assured  that  a  3-foot  boiler  will  stand  120  Ibfi 
pressure,  or  nearly  so,  under  the  same  circumstances.  In  liw 
second  place,  the  full  value  in  heat,  from  any  kind  of  fuel,  cannot 
be  obtained  without  the  intervention  of  fire-brick,  or  other  noa- 
conducting  substances,  but  with  which  it  would  be  quite  imprac- 
ticable to  line  the  present  marine-boiler  furnaces,  or,  in  fact,  almost 
any  internal  furnace  for  commercial  purposes ;  although  we  rcool- 
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Bi  Ae  case  of  an  iron  fire-box  boiler,  erected  to  heat  a  new 
porch  in  Manchester,  some  years  ago,  having  its  aleam-generating 
■Wcr  nearly  doubled  by  simply  putting  in  a  fire-briek  lining 
pond  the  fire-grate, — thus  preventing  the  refrigerating  effWit  on 
■B  fuel  and  flame  produced  by  the  close  contact  of  the  water- 
■sing  and  bridge  of  the  fire-box.  Many  good  smoke-burners 
|»Te  been  made  simply  by  inserting  a  few  fire-bricks  in  tliis  way, 
Ins,  as  it  is  called,  concfniratinj  the  heat. 

L  By  making  a  small  boiler,  we  make  a  strong  boiler ;  and  by 
kriEing  a  brick  rurnace,  we  make  a  hot  fire. 

I  In  adopting  the  elephant  principle  for  a  marine  boiler,  we  get 
nth  these  advantages,  a  small  diameter  and  an  external  furnace. 
■It,  besides  that,  we  get  a  large  width  of  fire-grate,  and  the  con- 
ponience  of  using  firing-machines.  Moreover,  as  the  resistance  is 
lore  dependent  on  the  width  of  the  ship  than  its  length,  it  is  in- 
■rabent  to  occupy  the  entire  beam  dimensions  of  the  vessel  with- 
M  the  intervention  of  water-legs  between  the  furnaces,  if  we 
Hquire  the  maximum  power  of  the  boilers,  when  they  are  ar- 
pnged  transversely  across  the  ship.  This  the  elephant  boiler  gives 
■'tbe  means  of  doing  with  advantage.  A  range  of  three  or  four 
bilers  may  be  thus  made  to  occupy  the  whole  breadth  of  the 
iBBsel,  with  nothing  beyond  a  thin  fire-brick  wall  between  the  fur- 
itces.  The  proper  physical  management  of  the  fiimaces  is  a 
■rtter  on  which  far  more  reliance  ought  to  be  placed  for  increas- 
Bg  the  power  of  steam-shipa  than  is  dreamt  of  by  any  of  our 
nhemically  considered"  combustion  patentees.  It  is  not  under- 
bning  science,  but  the  contrary,  to  maintain  this,— in  which  I 
ImII  be  joined  by  Faraday,  as  I  was  by  John  Dalton  when  Uving. 
lb  encourage  a  fireman  to  work  by  tact  and  judgment, — not  by 
Bipirical  rule, — to  become  dexterous,  watchful  and  discriminating, 
kBurely  of  more  use  than  to  cram  him  with  the  jargon  of  science, 
Hiich  would  leave  him  as  useless  a  member  of  society  as  those 
no  are  already  thus  distinguished.  Chemical  diagrams,  and  the 
■Dinic  system  of  philosophy,  will  give  little  aid  in  keeping  up  tho 
Bim,  and  those  who  are  chemists  among  stokers,  and  only 
pikers  among  chemists,  will  lend  little  aid  to  the  advancement  of 
pberatt. 

t  Althongh  the  elephant  boiler  is  perhaps  more  popular  in  Franco, 
pd  on  the  Continent  generally,  where  it  was  ialroduced  by  Woolf 
L       27 
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himself  many  years  ago,  it  is  much  used  in  and  about 
principally  at  flour-milla,  being  considered  a  strong  and  safe  boiler, 
but  smoky.    Hence,  it  is  often  used  with  Welsh  smokeless  coal,  bnt 
it  is  well  adapted  to  Jubes's,  Hall'a,  or  other  smokeless  fire-feeding 
machines.     I  consider  that  three  instead  of  two  lower  tubes  are 
objectionable,  as  they  are  in  that  case  too  small  to  be  easily  kept 
clean.     Such  boilers  are  not  much  used  in  the  manufacturing  dis- 
tricts, where  they  are  known  as  "  French"  boilers.     But  there  aro 
sfTa&  good  examples  in  Lancashire,  the  two  lower  tubes  heiu,!! 
made  large  enough  for  a  man  to  get  into  to  clean.     They  have 
been  commonly  made  by  Messrs.  B.  Hick  and  Son,  of  Bolton, 
to  go  with  their  engines  abroad.     Some  erected  by  them  at  Bar 
celoua,  in  Spain,  were  of  well-considered  proportions,  being  24 
feet  long,  the  main  body  of  the  boiler  4  feet  diameter,  and  egg- 
ended  ;  the  two  lower  tubes  each  2  feet  2  inches  diameter  inside, 
with  only  two  or  three  inches  betwixt  them,     Tlie  vertical  con- 
necting-pipes, or  water-legs,  were  18  inches  diameter;  and  the  fire- 
grate was  5  feet  wide  by  6  feet  long. 

The  most  powerful  boilers  of  this  kind  I  have  seen  were  erecled 
by  the  same  makers  at  the  "  India  mill"  of  Lees,  Kershaw  and  Co, 
in  Stockport.  They  are  Z6  feet  long  by  5  feet  diameter  in  the 
main  barrel ;  the  two  lower  tubes  are  2  feet  3  inches  diameter;  con- 
necting-pipes 16  inches  diameter,  and  2  feet  3  inches  high.  The 
main  barrel  of  the  boiler  is  fiat-ended,  and  contains  a  fire-flne  li 
feet  3  inches  diameter,  which  is  the  most  objectionable  feature  ss 
regards  safety.  Nevertheless,  these  boilers  are  worked  very  satis- 
factorily with  a  pressure  of  64  lbs.  per  square  inch,  and  using 
little  more  than  40  tons  of  coal  per  week.  Two  of  them  are 
capable  of  exerting  about  500  indicated  horse-power,  driving  i* 
ton  machinery,  &c.  They  consume  about  S  lbs.  of  coal  per  indi 
catcd  horse-power  per  hour,  by  means  of  a  pair  of  compounJ 
engines  of  8-feet  stroke,  making  16|  strokes  per  minute.  On« 
engine  has  the  large  cylinder  50  in.  diameter,  and  the  small  on* 
of  23  in.  The  other  engine  has  the  large  cylinder  of  52  ii" 
and  the  small  one  of  25  in.  The  steam  is  cut  off  at  5)  ft.  of 
the  stroke.  These  boilers  occasionally  work  in  conjunction  with 
douhle-flued  cylinder  or  Cornish  boilers,  6  feet  diameter,  wiw 
which  they  contrast  very  favorably.  The  fire-bars  are  thiw 
fourths  of  an  inch  thick,  and  tlie  rate  of  combustion  quick, «/ 
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IW  to  15  lbs.  of  common  coal  per  square  foot  jier  hour.  The 
>draug1it  is  produced  \>y  a  brick  cbmmey,  65  yards  liigh  by  6J  feet 
hride,  inside,  at  top,  and  1  incli  per  yard  batter  outside.  The 
Kbove  data  were  collected  in  18i8-9,  since  which  the  boilers  have 
■een  supplied,  I  believe,  ivith  my  cleansing-machine.",  and  with 
Bean's  double  fire-feeding  machines.  They  have  also  been  covered 
Kth  felt,  ix!. :  all,  of  course,  tending  to  produce  a  still  mora 
■Donomical  result.     I  offer  this  as  a  sample,  and  not  by  any  means 

■  solitary  one,  of  the  engineering  economy  of  Lancashire,  which 

■  would  submit  to  the  conaidcratioa  of  my  engineering  friends  in 
■Drnwall,  with  their  lightly-loaded  engines  and  superior  coal. 

■  I  scarcely  need  add,  that  none  of  the  new  smoke-burning 
pihemes  have  any  share  in  producing  the  economy  at  the  India 
■ili,  unless  Mr.  Dean's  excellent  fire-feeders  be  classed  among 
pu:li.  They,  however,  do  not  operate  by  letting  in  cold  air  against 
Be  boiler  bottom,  but  by  keeping  it  as  hot  as  possible,  and  the 
■re-door  shut.  At  any  rate,  they  cannot  be  said  to  be  benefited 
■y  any  thing  that  has  come  out  of  Lord  Palraeratou's  Smoke  Act 
Kt  another  mill,  belonging  to  the  same  firm  in  Stockport,  previous 
ft  the  erection  of  this  one,  having  three  large  engines,  also,  doing 
■bout  500  horse-power  by  120  tons  of  bad  coal  per  week,  several 
Ken  well-known  plans  of  smoke-consuming,  or  prevention,  were 
|ned  successively  without  any  appreciable  saving  of  coal, — some 
■f  them  at  an  expense  of  some  hundreds  of  pounds.  The  list  of 
■nreotors'  or  patentees'  names,  as  given  to  me  by  a  member  of  the 
Inn,  comprised  those  of  Rodda,  the  two  Hall)?,  Chanter.  Arm- 
Mrong,  and  Williams.  My  own  plan,  in  this  selection,  it  is  only 
koper  to  state,  was  the  only  one  that  cost  them  nothing,  being  a 
■Hreful  system  of  charging  the  fires  at  the  back,  which  I  intro- 
Hnced  at  the  same  works,  the  Mersey  mills, — then  belonging  to 
pBother  firm, — many  years  previously.  This  mode  of  firing  is 
■flescribed  in  one  of  my  "Tracts  on  Steam,"  also  in  the  Artisan 

Club's  Treatise  on  the  Steam-Engine. 

I  might  here  ask  what  possible  objection  could  be  raised  againsi 
taking  so  simple  and  efficient  a  boiler  as  above  described,  and  ot 
which  the  performance  can  be  so  easily  verified,  and  place  it  in  an 
iron  steamer,  at  once,  and  withal  at  so  cheap  a  rate  (from  £So  to 
per  ton  of  Low- Moor  iron),  in  place  of  the  present  muUtubu- 
nukrine  boiler,  costing  double  the  e^cpense  ? 
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In  referring  to  Arthur  "Woolf  as  the  inventor  of  boilera  coiD' 
posed  of  systems  of  comparatively  araall  water-tubes,  and  whioh 
he  was  mainly  conducive  to  bring  into  use  between  1810  and 
1820,  it  is  not  to  be  understood  as  applying  exclasively  to  the  pa^ 
ticular  form  of  boiler  patented  by  him.  That  boiler  was,  for  n* 
sons  applicable  to  moat  patented  articles,  not  the  best  specimen  of 
the  invention,  and  it  was  deficient  in  proper  circulation  of  ibe 
water.  Woolfs  boilers  were  roaliy  not  successful  until  they  took 
the  form  of  the  Elephant,  or  French  boiler,  the  latter  designation 
being  applied  in  consequence  of  its  being  first  introduced,  if  not 
also  first  made,  in  France,  by  Mr.  Woolf  himself. 

I  rather  wish  to  consider  him  in  common  with  Oliver  Evans  in 
America  and  Dr.  Alban  on  the  Continent,  as  the  propounder  of  a 
principle  of  construction  of  perfectly  safe  boilers  for  very  high 
pressure,  that  of  confining  the  pressure  entirely  within  tubes  of 
comparatively  small  diameter.  That  system  of  construction  was 
almost  a  necessary  concomitant  of  the  introduction  of  the  com- 
pound high  and  low-pressure  engines  by  Wuolf  and  Edwards, 
which  engines  have  been,  since  their  time,  extensively  made  by 
Hull,  Humphreys,  Eennie,  Hick,  and  others.  The  great  eueoeai 
Fig.  03. 
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of  these  engines  in  e^irevte  economy  of  fuel  with  i 
pressure  steam,  has  for  some  time  past  t.roated  a  great  del 
for  suitable  boilers  and  that  demand  has  been  recently  l 
an  excellent  form  of  boikr  pirlly  on  Woolf  s  pnnciple  by  I 
Hattersley,  and  Co.,  of  Manchester  but  m  which  tlie  cirou] 
of  the  water  is  moro  perfect  than  in  WoolFa  original  plaa. 
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The  patent  boiler  of  this  firm,  termed  by  them  "the  Duplicate 
r  Retort  boiler,"  13  represented  in  the  annexed  cut. 
t  was  first  introduced  to  public  notice  at  a  meeting  of  the  In- 
mtioa  of  Mechanical  Engineers  at  Manchester,  and  has  since 
Q  tested  to  work  with  perfect  safety  at  250  lbs.  per  square  inch. 
i  of  the  retorts,  nineteen  inches  diameter,  having  been  pur- 
lely  pressed  until  it  burst,  was  found  to  sustain  the  extreme 
I  pressure  of  525  lbs.  before  it  gave  way. 
his  boiler  appears  to  be  formed  prinoipally  with  a  view  to 
lility  and  lightness,  for  convenient  transit,  in  which  it  cer- 
nly  exceeds  all  others.  Besides  its  great  strength,  it  has,  in  my 
mation,  other  valuable  features,  such  as  its  capability  of  admit- 
any  modification  in-  size  of  fire-grate,  or  of  fire-feeding 
ichinery,  underneath  it ;  and  next  to  that  is  the  very  large 
proportion  of  effective  heating-surface  exposed  to  the  direct 
radiation  of  the  fire  on  the  grate.  It  has  also  the  advantage  of 
admitting  of  the  retorts  being  turned  over,  as  they  become  blistered 
or  worn  over  the  fire,  or  of  being  replaced  by  others  farther  off, 
or  by  new  ones. 

An  attentive  consideration  of  Mr.  Dunn's  boiler  will  discover  it 
to  possess  some  valuable  peculiarities  in  regard  to  the  deposit  of 
mud,  which,  so  long  as  the  water  chambers  are  connected,  must 
necessarily  lodge  principally  in  a  few  of  the  retorts  farthest  from 
the  fire-grate.  The  retort  at  the  extreme  end  will,  in  fact,  act  as  a 
mud  vessel  or  cleaning-apparatus  for  the  remainder.  A  most  im- 
portant purpose  will  thus  be  effijcted,  which  I  hope  to  have  an 
early  opportunity  of  comparing  with  previous  inventions  for  the 
same  purpose  before  pronouncing  a  decided  opinion,  content  for 
the  present  in  remarking  that  the  same  conditions  which  constitutfl 
the  last  retort  of  the  series  an  cfBcient  mud -collector,  also  constitute 
it  the  most  appropriate  portion  of  the  boiler  at  which  to  supply 
the  feed-water,  and  thereby  act  as  a  heater  to  the  latter.  To  thia 
portion  of  the  boiler  Mr.  Dunn  attaches  a  cock,  or  other  means  of 
blowing  off  the  sediment  frequently.  Of  mud-collectoraand  water- 
heaters  combined,  there  are  a  great  many  varieties,  among  which 
we  may  mention  that  of  Mr.  E.  Green,  of  Wakefield,  as  one  of  the 
most  successful  in  extensive  use ;  but  I  have  never  seen  any  that 
in  simplicity  and  compactness  approaches  this  of  Mr.  Dunn's,  and 
1  would  say  it  is  applicable  to  other  boilers,  the  Cornish  in  parti- 
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cular,  as  well  as  the  retort  boiler,  of  wbich  it  is  a  component 
part. 

Of  cleanmg-machtnea  that  are  applicable  and  effectual  in  every 
situation,  to  all  qualities  of  water,  and  every  kind  of  boiler,  locomo- 
tive, stationary,  and  marine,  there  is  only  one  variety— that  with 
the  internal  collecting  vessels,  agitator,  and  blow-off  cock — that 
can  prevent  priming.  And  this  they  do  most  effiX'tually  under 
all  circumstances,  if  there  be  room  in  the  boilers  to  fix  them. 
Nothing  can  be  of  greater  importance  in  improving  the  steam- 
engine  than  the  effectual  prevention  of  priming,  and  the  subject 
of  cleaning- machines  is,  on  that  account,  alone  almost  entitled  to 
some  future  volume  of  such  a  work  as  thia  to  itself. 


Having  recently  learned  that  some  seagoing  vessels  contained 
Messrs.  Galloway's  conical-tube  boilers,  I  immediately  procured 
the  above  sketch  from  the  Patent  Office,  which,  I  am  informed, 
represents  correctly  the  boilers  in  question,  although  not  drawn  to 
any  precise  scale. 


CHAPTER  XXT. 
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"While  the  greatest  attention  has  been  given  by  engineers  at  all 
times  in  advancing  tlie  steam-engine  towards  perfection,  much  less 
baa  been  done  than  ought  to  have  been  done  in  improving  the 
cx)nstr action  of  the  boiler ;  but  least  of  all  has  been  done  for  the 
I'urnate, — the  details  of  fire-grate,  the  supply  of  fuel,  and  the  most 
important  of  all,  the  management  of  the  fire,  upon  the  proper 
operation  of  which  much  of  the  efGoifncy  of  the  machine  is  de- 
pendent. The  bujiiness  of  the  "stoker,"  however  subordinate  and 
apparently  unimportant,  cannot  long  be  neglected  with  impunity; 
for,  like  the  organ-blower,  he  will  occasionally  let  us  know  that  the 
instrument  cannot  work  without  him.  That  portion  of  mechanical 
engineering  which  concerns  the  architecture  of  furnaces  has  been 
for  so  long  a  period  left  to  the  mercy  of  the  operative  bricklayer 
and  the  iron-founder,  who  have  both  done  what  they  could  with 
large  quantities  of  fire-brick,  fife-clay,  and  thick  heavy  fire-bars, 
that  it  has  become  like  certain  le^  agreeable  portions  of  another 
profession  we  might  name,  which  the  regular  practitioner  commonly 
endeavors  to  avoid,  but  which  there  are  plenty  of  "irregulars" 
reafly  to  occupy.  The  consequence  of  this  has  been,  as  in  the 
profession  alluded  to,  that  this  important  branch  of  engineering  ia 
80  much  overrun  by  quacks  and  pretenders,  as  generally  to  excite 
a  con.siderable  degree  of  contempt  in  honorable  minds  for  the  sec- 
lion  of  the  arts  thus  degraded.  To  these  phenomena  may  now  be 
added  the  natural  effect  of  the  recent  alteration  in  the  patent-law. 
which  has  so  suddenly  overwhelmed  the  community  with  swarms 
of  great  and  little  monopolists  in  every  direction,  and  it  is  not  the 
least  part  of  the  swarm  which  has  settled  down  upon  that  oppro- 
brium of  engineering,  the  smoke  nuisance.  On  this  subject  every 
sraatlerer  on  science  has  a  theory  of  his  own  to  uphold.  Nearly 
every  ironmonger  ia  now  a  pate nt- fur nacj monger,  and  any  gas- 
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fitter  is  ready  to  fit  iia  with  liis  pat«nt  apparatus  for  "  consuming 
smoke."     Advertising  quaelcs,  whose  business  is  puffing,  are  resdy 
to  subdue  smoke-pufts,  and  promise,  at  tbe  rate  of  20,  30,  and  40. 
or  any  other  per  centage,  in  eaving  of  fuel,  by  adopting  llisir 
several  nostrums,  eacli  guaranteed  by  hundreds  of  cut-and-drieii 
testimonials.     Audacity  in  this  matter  is  far  from  being  confined 
to  the  needy  pretender,  but  stands  out  boldly  bedizened  in  the 
canonicals  of  science.     The   style   adopted,   and  tbe   expeilienU 
resorted  to  by  these  smoke-doctors,  are  worthy  of  Dr.  Solomon, 
of  Balm-of-Gilead   notoriety,  or  of  any   other  of  that  baud  of 
patriots  who  request  us  to  beware  of  counterfeits.     The  juJioy 
pursued  is  that  of  continual  rcileraliffn  to  induce  a  belief  of  in- 
credible statements,  or  to  create  faith  in  such  respectability  u  il 
least  possession  c^  money  may  give.     This  we  see  daily  in  glaring 
sign-hoard  announcements.     Indeed,  some  of  the  most  conspicuous 
and  wealthy  of  those  worthies  are  known  to  have  compeled  at 
public  meetings  in  the  provinces,  in  extravagance  of  pretenstton, 
bidding  against  each  other  for  public  favor,  by  promising  a  saving 
of  50  and  60  per  cent.l     Of  the  hone,stv  or  dishoueety  of  such 
representations,  it  is  needless  to   speak ;  but  I   must   state  em- 
phatically that,  having  closely  attended  to  every  experiment  of 
consequence  in  smoke-burning  for  a  series  of  years,  I  hav-e  never 
yet  found  evidence  of  a  saving  of  oven  five  per  cent,  bj  any  plan  of 
preventing  or  consuming  smoke,  however  "perfect."    And,  further, 
I  have  found  the  more  perfect  the  consumption  was  of  smoke,  the 
less  was  the  saving  of  fuel ;  or,  more  prc^>«'ly  speaking,  a  greater 
consumption  of  fuel  is  required  in  raising  a  maj-imnm  quantity  of 
steam  yrfim  the  same  boiler  in  the  same  lime,  when  the  smoke  is 
entirely  prevented,  than  is  the  case  when  smoke  prevention  is  not 
attempted   at   all.      In   short,   perfect    comhistion   is  not   perfect 
economy  in  praciice,  but  far  from  it. 

That  I  have  iong  been  convinced  of  the  futility  of  smoke-con- 
suming furnaces  ns  a  measure  of  economy,  although  I  have  had,  and 
have  still,  the  strongest  inducements  of  self-interest  to  endeavor  to 
think  otherwise,  will  bo  evident,  if  I  transcribe  a  passage  from 
a  work  published  by  me  nearly  twenty  yeais  ago,  parts  of  which 
had  been  some  years  previously  drawn  up  in  the  shape  of  reports 
at  the  request  of  various  cotton,  and  other  manufacturers,  in  Lan- 
cashire.    The  work  was  printed  by  desire  of  those  gentlemen  ia 
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07,  atxl  A  seooad  edmon  vaf  publUhed  in  ManclieiAcr  iu  IS&S  ;* 
d  as  it  has  long  been  out  of  print,  and  a3  it  still  expresses  my 
s  upon  this  subject,  I  believe  that  oo  ^wlogy  is  aeaessurf  &a 
s  introductioa  of  the  foUoiriiig  quotation : 

"  S«OKK-BUaXISG   FCBXACE3, 

*'  In  nothiag  has  the  philoaophical  maou&cturer  or  amateur  me- 
chanic been  so  much  at  Tariauce  with  fawts,  and  the  experience  of 
pruoUcsU  men,  as  oa  the  subject  of  smoke-buruing.  It  is  perfectly 
true  that  the  black  carbunaceons  matter,  whlcb  usually  escapes 
along  with  the  incombiistible  gases,  and  which  is  the  only  vtsibte 
coDStituent  of  what  we  term  smoke,  is  all  bo  much  fuel ;  and  when 
pnperli/  consumed  under  the  boiler  is  undoubtedly  a  saving  of 
coal ;  but  it  unfortunately  happens  thai  the  saving  is  so  inappn-  - 
eia/jft/  small  that  none  who  have  tried  it  fiurly  have  been  able  to 
calculate  exactly  its  amount,  except  when  it  has  taken  the  negative 
form,  which  it  has  meet  frequently.  It  is  not  my  intention  to  speak 
disrespectfully  of  any  of  tboee  who  have  proposed  to  save  fuel  by 
burning,  or  'consvnuTtg  tmohe  hy  tombaalitm,'  as  they  usually  prefer 
to  tenn  it:  for  they  have  generally,  if  not  universally,  deceived 
themselves  before  they  led  others  astray,  as  the  hundreds  of  pntenta 
for  that  purpt«e.  and  the  hundrecLi  of  thousands  of  pounds  expended 
over  them,  amply  testify.  Patent  inventors,  indeed,  of  improved 
fumat-es  for  'saving  fiiel  by  consuming  smoke,'  deserve  no  small 
share  of  public  gratitude,  from  the  mauy  opportunities  they  have 
given  us  of  ascertaining  by  experiment  a  great  number  of  practical 
data,  and  useful  results,  which  are  now  available  for  other  more 
important  improvements." 

The  pursuit  of  "smoke -burning,"  in  fact,  has  been  the  phiJosoplitr'a 
stone  of  the  present  century.  Speculative  and  practical  chemists  of 
the  brightest  intellects  have  dabbled  in  it ;  such  men  as  Rutnford, 
Watt,  Dalton,  and  Heury,  were  believers  in  its  economy.  I  cannot 
epeak  as  to  Davy,  but  it  is  thought  that  the  predilections  of  the 
great  living  German  chemist,  who  has  done  so  much  for  the  brew- 
ing-trade of  England,  lie  that  way ;  at  least  hia  foremost  disciples 


•  A  PmcUc»l  Esaay  on  Rleaiu-Gnpioc  Boileni.  m  now  oaed  in  \ht>  munurao- 
tsring-diHlrict  around  Mancliealcr.     Bj-  Bobert  A  r  met  rung,  C,K. 
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in  thia  country  liolii  to  tlie  yet  popular  doctrine  tliat  sixty  or  *rom^ 
per  cent,  of  the  fuel  ia  to  be  saved  by  burning  tlie  invisible  car- 
boiiic-oxiile  gas,  whiuh  now  escapes  from  our  iron  fumaiMa  in 
Staffordshire. 

On  tliia  subject  I  can  speak  with  the  more  confidence  from  tar- 
ing had  a  good  deal  of  practice  in  directing  the  applicatioD  of 
vanoua  patent  and  other  apparatus  and  methods  devised  to  enable 
furnaces  to  consume  their  own  smoke  in  different  parts  of  ihis 
country,  as  well  as  in  the  planning  and  erei:tiou  of  boilers  aoil 
furnaces  generally  in  the  ordinary  way.  Up  to  the  passing  ot 
Michael  Angelo  Taylor's  Act,  nearly  thirty  years  ago,  which  niiwie 
smoke  prevention  in  some  measure  compulsory,  little  or  nothing 
had  been  done  in  the  north  of  England  except  on  the  douhle- 

.  furnace  system  of  Mr,  Losh,  of  Newcastle- on- Tyne,  patcut^J  in 
1S15.  It  was  more  successful  with  chemical  stoves,  salt-])ans,  and 
Blip-kilns  in  potteries,  than  with  engine  boilers.  When  applied  to 
the  latter,  it  was  objected  to  on  the  ground  that  it  required  a  /arjjrt 
hoikr  (a  da  the  same  work,  as  well  as  two  fires  to  do  the  work  of  one. 
I  endeavored  to  introduce  it  into  Lancashire  in  1827,  but  did  not 
succeed  until  some  years  after  the  patent  had  expired,  when  the 
above  objection  was  found  to  be  untenable.  The  large  boiler 
proved  to  be  a  great  advantage,  and  alternate  firing  was  very 
economical,  independent  of  its  convenience  for  consuming  smoke. 

'  My  mode  of  applying  it  was  to  place  simply  a  wall  of  fire-briclt 
longitudinally  upon  the  fire-grate,  nearly  the  whole  length  from  the 
bridge  to  the  dead-plate ;  but  so  that  both  sides  could  be  charged 
through  one  fire-door.  This  met!iod  was  used  in  Manchester  in  a 
boiler,  employed  to  drive  a  40-horse  engine,  at  the  Store  Street 
Cotton  Mill,  belonging  to  Mr.  "Wm.  Jones.  And  I  afterwards 
erected  similar  divided  furnaces  at  the  Woraley  Flour  Mills,  be- 
longing to  the  Earl  of  Ellesmere,  and  at  several  other  places,  with 
some  improvements,  which  consisted  mainly  in  restricting  the 
mid-feiither  wall  to  one-half  the  length  of  the  grate,  and  making 
the  fire-bars  at  the  front  of  the  grate  thinner,  and  with  wider 
spaces,  than  at  the  back.  The  air  was  generally  let  in  through 
the  sides  of  the  furnace  at  about  half  the  length  of  the  grate; 
but  at  Mr,  Jones's,  where  there  was  a  good  chimney,  it  was  ad- 
mitted by  setting  the  fire-door  ajar  one  and  a  half  to  two  inchet^ 
for  two  or  three  minutes  alter  each  firing.     In  cases  where  the 
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cIiiinQ-'j"  waa  low,  or  had  a  bad  drau;^ht  from  other  causas,  the 
supplemeatary  air  was  forced  in  over  the  fire  by  means  of  a  small 
rpuiry  fan;  and  where  conveuient,  this  air  was  in  a  highly  heated 
stale,  say  at  400  or  500  degress.  In  this  mauner,  this  species  of 
furnace  waa  worked  at  the  above  flour-mill,  continuously,  with 
great  satisfaction  and  economy,  driving  a  common  low-pressMre 
engine  working  six  pairs  of  four-feet  stones,  and  other  machinery, 
with  about  6  lbs.  of  inferior  coal  per  indicated  horse-power  per 
hour.  The  proportion  of  the  power  required  by  the  blowing-ian 
"Was  only  about  half  a  horse-power.  To  show  the  great  advantage 
of  either  a  good  draft,  or  artificial  blast,  in  all  cases  of  smoke-con- 
sumption, it  is  proper  to  state  here  that  Williams's  patent  system  was 
previously  tried  at  the  same  boiler  with  the  same  fire-grate  are^ 
■without  enabling  the  engine  to  work  half  the  above  load ;  while 
the  same  system  applied  by  the  same  parties  to  another  small 
engine  on  the  same  estate,  with  a  very  h^y  dtimney,  was  moderately 
successful. 

The  smoke  from  the  chimney  of  Worsley  Mill,  when  in  fall 
work,  wa.s  perftclhj  invisible,  with  the  exception  of  a  slight  vapor 
during  the  time  that  the  fire-door  was  allowed  to  remain  open,  but 
no  longer. 

The  situation  of  this  flour-mill, — a  picturesque  spot,  about  half 
a  mile  in  front  of  Worsley  Hall, — was  such  that  the  mill  was 
nearly  hidden  from  view  at  that  mansion,  and  its  existence  would 
have  been  unobserved  except  for  the  smoke  which  rose  alxive  the 
trees,  before  the  improvement  was  applied.  When  the  smoke  was 
prevented,  the  circumstance  accidentally  coming  to  the  knowledge 
of  ihe  Earl  of  Carlisle,  when  on  a  visit  at  Worsley,  ho  took  the 
opportunity  of  convincing  himself  of  the  facts  as  above  related, 
and  on  their  being  reported  to  the  Earl  of  Ellenborough,  then  first 
Lord  of  the  Admiralty,  that  nobleman  at  once  ordered  a  similar 
apparatus  to  be  erected  at  Chatham  Dock-yard.  The  apparatus 
was  accordingly  applied  by  me  to  two  20-horse  boilers  at  the  lead- 
mill  there,  for  which  purpose  I  planned  the  furnaces  as  nearly  as 
possible  a  copy  of  those  at  Worsley,  and  the  resulLt  were  very 
nearly  the  same.  The  chimney  stood  right  opposite  the  windows 
of  one  of  the  royal  hospitals,  to  which  the  smoke  had  previously 
been  a  great  nuisance ;  but,  aifer  six  months'  trial  of  the  new  plan, 

e  chief  physician  of  that  establishment  reported  to  the  Admiralty 
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the  entire  removal  of  the  nuisance,  and  that  the  health  of  t!je  in- 
mates had  been  greatly  improveil  in  consequence.  This  Report 
WU6  published  in  the  "Health  of  Towns  Gazette,"  in  1349.  Aod, 
as  I  have  just  been  informed  by  the  Superintending  Engineer  d 
the  Dock-yard,  the  apparatus  has  (wntinued  to  woilt  uninterrupledly 
to  the  present  time  (1856)  with  uniform  success,* 

About  the  same  time  several  other  doable  or  divided  fire-grate 
furnaces  were  erected,  by  other  parties,  at  the  cottoo-works  of  Mr 
John  Paley,  and  at  other  places,  in  Preston.  These  were  mon 
nearly  on  Mr.  Losh's  original  principle,  having  two  separate  fire- 
doors  and  two  ash-pits. 

Mr.  Howard,  Mr.  Thomas  Hall,  and  a  great  number  of  otha 
[larties,  have  introduced  various  modifieationa  of  double  furoaiM* 
since  the  date  of  Mr.  Losh's  patent,  and  more  or  less  succesafdij. 
The  last  modification  of  the  kind  I  have  seen,  ivas  erected  at  t 
small  boiler  in  the  Eoyal  Araena!,  Woolwich,  by  Messrs.  AbemeiliJ 
and  Co.,  Engineers,  of  Aberdeen,  in  1856.  The  peculiarity  of  this 
plan  consists  in  a  jet  of  fresh  air  from  a  pipe  on  each  side  of  the 
furnace  being  admitted  alternately,  to  correspond  with  the  alter- 
nate firings  by  which  the  smoke  from  the  newly-fired  furnace  ie 
driven  hitorally,  or  horizontally,  against  the  bright  fire  and  fiame 
of  the  other.  This  is  tlie  principle  of  admitting  air  patented  hj 
Mr.  Spibey,  of  Nottingham,  several  years  ago,  and  extensively  ap- 
plied by  hiiTi  to  single  furnaces ;  and  by  this  mode  of  procedure 
the  injury  to  boiler  bottoms  from  cold  air  rising  upwards  against 
them,  at  or  beyond  the  bridge,  is  likely  to  be  avoided,     I  pasa 

*  In  1639,  I  inlrudaccd  ibe  double-rurtiace  aj'slrm  into  *  steamer,  "Die 
William  Fau'uctt,"  belonging  to  the  Pi- u insular  Steain-Company.  mid  ehe  e4» 
tiuued  to  ply  with  ihe  funiacee  tliua  ultered  tiiilil  new  boilers  were,  I  bclirw, 
introducti)  u  coiibI  lie  ruble  time  afterwards.  'J'h?  arrangement  of  Ibeie  farnice) 
dilTered  soniewLul  from  Losh's  plan.  Eacli  ruriince  had  a  damper  bl^llind  the 
bridgi',  wliich  could  be  slmt  wben  required,  and  ibe  smoke  produced  in  tlitl 
ftirnaci.'  bad  then  to  descend  throngh  a  suitable  passage.  Into  the  asb-plt  at 
tlio  adjoining  furnace,  wbich,  by  tbie  time,  lind  burned  bright,  and  ucendinf 
througli  the  fire,  ml.iing  willi  atmospheric  air.  it  was  cimipleieljp  consaneA 
To  maintain  llie  necessary  dranglit  an  cxhaiteting-ran  was  applied  to  ikt 
chimney.  I  simuUaneoasly  introduced  other  iniprovemenls  wbich  vcrymuek 
lessened  the  consumption  of  steam,  so  that,  although  the  boiler  was  IM 
powerful  than  before,  it  was  still  equal  to  its  work,  as  amuller  detnatids  wen 
made  upon  it.  J.  B 
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over  a  gfeat  many  other  plans  of  double  fires,  such  as  Galloway's, 
Hose's,  Fairbaim's,  Onnrod's,  Hick'a,  Bristow  and  Atwood's,  and 
othera,  as  the  principle  of  the  whole  is  nearly  tlie  same,  and  it 
would  occupy  too  much  space  to  enter  into  the  detaiis. 

Afer  Mr.  Losh's  double-furnace  principle,  the  next  smokeless 
fomaces  that  came  into  public  favor  were  those  of  Wakefield, 
Parkes,  Bruntou,  and  Stanley.     The  two  latter  being  accompanied 
by,  or   mainly  consisting  of,  fire-feeding  machinery,  which   was 
necessarily  expensive,  came  slowly  into  use,  but  they  were  both 
perfectly  well  established  previous  to  the  year  1827 ;  and  the  only 
reason  they  are  not  now  more  frer[uently  met  with  is,  tliat  they  are 
not  well  adapted  to  boilers  with  internal  furnaces.     The  two  former 
,ns,  consisting  principally  of  alterations  in  the  brickwork,  came 
re  rapidly  into  use  in  Lancashire.     The  smoke -consuming  fur- 
of  Mr.  John  Wakefield,  I  believe,  had  the  precedence  of  the 
iB&er,  in  point  of  time,  as  I  had  some  pulled  down  which  had  been 
nected  by  him  at  the  cotton-mill  of  Messrs.  Clogg  and  Norris,  in 
'Xiong  Millgate,  previous  to  1818,  and  which  I  re-constructed  with 
ly  own  improvements  in  1830.     About  the  same  time,  several 
ire  taken  down  at  Thos.  Hoyle  and  Sons'  print-worka,  Mayfield 
other  places,  which  had  been  a  much  longer  time  in  use.     In 
'fuit,  Mr.  Wakefield  used  to  complain  to  me   how   Mr.  Parkes. 
f*having  come  after  him,  stole  his  ideas"  of  the  split-bridge  and 
■valve  at  the  back  of  the  ash-pit.     However  this  might  be,  it  is 
irtain  that  Parkes's  system  became  by  far  the  most  popular ;  a 
,t  number  of  fiirnaces  being  erected  by  him  all  over  the  coun- 
from  1820  to   182.5,  after  which  they  were  erected  by  him 
:tensively  in  France.    In  the  mean  time,  however,  though  the  plans 
Wakefield  and  Pai'kes  were  originally  similar,  they  aooa  grew 
■widely  difierent.     Wakefield  persevered  with  thin  and  fretiuent 
firing,  thin  and  scientifically  constructed  fire-bars,  well-arranged 
tools,  perforated  fire-bricks  for  heating  and  difi'uaing  the  air,  like 
Williams's,  and  pigeon-hole  bridges ;  he  also  paid  very  great  atten- 
tion to  the  fireman's  art,  and  he  only  failed,  as  he  had  said,  from 
want  of  it  at  last.     On  the  other  hand,  Parkes's  system  was  carried 
on  by  him  to  the  extent  of  enlarging  and  deepening  the  furnaces, 
so  as  to  hold  upwards  of  a  ton  of  coal  at  a  time.     This  quantity 
was  usually  introduced  into  the  furnace  during  the  first  two  hours 
in  a  morning,  beginning  rather  thin  near  the  bridge,  and  as  il 


became  ignited,  gradually  increasing  the  tliickness  of  the  cli:ir^a 
until  within  two  feet  of  the  fire-door,  where  the  coal  was  filled 
quite  up  to  the  boiler  bottom.     When  arrived  at  this  stage,  tho 
combustion  was  entirely  that  of  the  gas  from  the  raw  coal    The 
surface  of  the  fire  then   formed  an   inclined- plane  towanJs  tlw 
bridge,  and  as  the  supply  of  air  through  the  bars  was  thus  cut  off 
the  combustion  was  kept  up  entirely  by  the  air  through  theair- 
val  VG  at  the  back  of  the  ash-pit.  and  the  split-bridge,  which  liisl  was 
much  wider  than  Wakefield  made  it,  being  commonly  three  ot 
four  inches,  or  more.     During  the  first  three  or  four  hours  of  tb^ 
day,  the  air-valve  was  gradually  closed  by  the  fireman,  by  whick^ 
time  the  diminished  quantity  of  fuel  in  front  of  the  bridge  aliowe?^ 
sufficient  air  to  pass  through  in  that  way.     The  air- valve  was  the 
shut  up,  and  not  opened  again  during  the  day.     The  proper  aelio^^^ 
of  the  fire  was,  after  this,  entirely  dependent  upon  the  prope       ' 
management  of  the  dampers,  and  in  the  middle  of  the  day  th—  ■" 
steam  was  regulated  by  the  admission  of  less  or  more  foed-waW        t 
to  the  boilers. 

The  above  is  a  programme  of  the  mode  of  proceeding  ftit^^Bi 
Parkes's  system  at  the  cotton  worka  of  Mr.  John  Pooley,  o>  T 
Hulme,  where  I  had  most  experience  with  it,  thirty  years  a^  ; 
and  it  is  very  nearly  the  same  as  the  mode  carried  out  at  the  work      -'■* 

of  Messrs.  Horrockses  Miller  and  Co.,  of  Preston,  up  to  T^ithin  tb e 

last  few  years. 

There  ia  no  doubt  that  considerable  economy  was  obtained  h-  _^ 
this  plan,  when  very  carefully  managed,  with  very  low  presstw: — e 
steam  and  very  large  boilers,  even  to  the  extent  of  getting  *■" 
evaporation  of  7  to  8  lbs.  of  water  to  1  lb.  of  Lancashire  coal;  but 
it  was  too  unwieldy  and  cumbrous  a  system  to  continue  in  use 
more  than  a  few  years,  excepting  at  the  last-mentioned  plac^ 
where  special  provisions  were  made  to  suit  it.  J 

It  is  not  my  business,  however,  in  this  place,  to  write  the  p*^  I 
history  of  smoke -burning,  so  much  as  to  describe  what  is  doing  *'  I 
the  present  time  in  that  direction.  With  this  view,  I  here  in*^  ■ 
a  brief  description  of  a  new  form  of  fire-bar  and  fiirnace-gTafl  I 
which  I  have  had  in  operation  for  some  time  past,  at  differeW  I 
places,  with  very  satisfactory  results.  And  I  expect  to  be  abloW  I 
present  a  more  detailed  account  of  the  arrangements,  accompanied  I 
by  proper  drawings  of  this  and  other  plans  of  recent  conatructioa  I 
in  Mr.  Bourne's  forthcoming  work  on  the  steam-engine.  J 


\ 
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CNIVEBSAL   "AROAND"   FIREGRATE. 

ike  all  other  furnaces  which  bum,  prevent,  or  consume  thetr 
smoke  by  an  improved  combustion  of  the  gaseous  portion  of 
fuel,  the  principle  of  this  one  depends  on  the  admission  of  a 
icient  quantity  of  fresh  air  to  the  smoky  flame  of  hituminoUB 


1,  as  well  as  to  the  carbonic-oxide  gas  produced  bj  a  thick  fire 
'  coke,  or  from  Welsh  coal  or  other  non-bi luminous  fuel;  but  it 
ffers  from  all  others  in  the  place  of  such  admission.  I  do  not 
Imit  this  fresh  air  at  the  bridge  although,  by  that  mode,  the 
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disappearance  of  tlie  smoke  is  usually  the  most  perfect,  because, 
when  so  admitted,  it  operates  as  a  serious  check  to  the  draugH 
and  lessens  the  power  of  the  furnace.  Neither  is  the  air  admitted 
at  or  about  the  fire-door,  because,  when  so  admitted,  it  has  a  ten- 
dency to  be  drawn  between  the  fire  and  the  bottom  of  the  boiler, 
thereby  cooling  a  larger  portion  of  the  furnace,  and  diminishing 
the  economy  of  the  fuel.  The  necessary  supply  of  fresh  air  to 
the  interior  of  the  fiimaee  is  admitted,  in  this  furnace,  at  an  inter- 
mediate position  between  the  fire-door  and  bridge ;  or,  in  fact, 
it  is  admitted  between  the  front  end  and  the  middle  of  the  fire- 
grate. 

This  inlet  aperture  for  the  air  I  make  through  a  hollow  or 
double  bearing-bar  between  the  first  and  second  of  two  or  more 
lengths  of  fire-bars ;  and  being  thus  surrounded  on  all  sides  by 
the  fire  and  flame,  as  in  the  Argand  lamp,  it  might  be  called  the 
"  Argand  fire-grate,"  or  furnace. 

Tlie  constituent  bars  of  each  series  of  fire-bars  are  of  different 
thicknesses,  the  thickest  being  placed  at  the  back  for  slow,  and  the 
thinnest  in  front  for  quick,  or  ordinary  combustion, — the  thin  bars 
having  also  the  widest  spaces  between  them. 

In  supplying  this  furnace  with  bituminous  coal,  it  must  be 
charged  thick  on  the  hack  of  the  grate,  until  the  coal  reaches 
nearly  or  quite  up  to  the  top  of  the  bridge,  gradually  sloping  for- 
ward to  the  margin  of  the  air-space ;  while  on  the  thin  or  front 
bars  only  it  is  fired  in  the  ordinary  way. 

No  complicated  apparatus  of  any  kind  is  required  to  be  attended 
to,  and  no  additional  tools  are  wanted  beyond  a  "  slice"  with  a 
blade  a  foot  long,  bent  flatways,  at  right-angles,  for  clearing  away 
obstructions  in  the  air-space.  For  greater  facility  in  doing  this,  a 
modification  of  the  old-fashioned  "stoking-har"  is  sometimes  placed 
across  the  ash-pit,  exactly  under  the  double  bearing-bar,  but  made 
in  the  form  of  a  flat  plate,  and  with  a  raised  ledge  to  serve  as  a 
guide  to  the  tool.*  No  great  degree  of  care  is  requisite  for  pre- 
venting smoke  in  this  furnace.  It  is  only  necessary  to  throw  the 
coal  boldly  in, — principally  towards  the  farther  end  of  the  grat^ 


•  My  improved  pteter-iar  or  "  s 

okiiifr-plnte,"  above  mentioned,  is   in  the 

case  of  n  bad  draught  made  to  turn 

an  gTidpennB,  nt  the  sidea  of  the  ash-pit,  hj 

means  of  a  ball-crank  and  rod,  so 

s  to  check   or  regulate  the  inflar  of  ait 

tbrongb  tbe  doable-bearing  bar,  if  a 

I  any  time  required. 
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«s  a  man  would  fill  a  c:irt  or  ;i  barrow, — and  plenty  of  it,  closing 
the  fire-door  in  as  short  a  time  as  possible,  and  the  smoke  will  be 
found  to  be  no  darker  than  from,  a  common  honso-fire,  provided 
the  air-spaoe  be  opened  occasiooatly  with  the  slice  above  men- 
tioned. If  the  chimney  be  sufficiently  large,  which  is  by  far  the 
most  important  condition,  the  amoke  may  thus  be  made  nearly 
transparent,' and,  if  desirable,  can  be  rendered  entirely  ao  by  put- 
ting a  little  damp  coal  on  the  front  part  of  the  fire  and  tjiking 
pains  to  clear  out  the  air-apace  after  each  firing, 

Tiie  above  ia  a  recipe  for  constructing  a  smokeless  steam-engine 
furnace,  than  which  it  is  perhaps  impossible  to  imagine  a  cheaper 
or  simpler  arrangement.  But  it  is  necessary  again  to  caution 
those  who  would  adopt  it,  or  any  other  plan  of  smoke-prevention 
by  band  firing,  that  the  total  area  of  fire-grate  should  be  at  the 
same  time  increased  by  20  or  30  per  cent  beyond  what  is  usually 
considered  necessary  with  the  common  smoky  furnace  and  ordi- 
nary stoking.  And  besides  this,  there  must  be  always  a  surplua 
of  chimney  power  <U  commami,  by  means  of  the  usual  counter- 
balance weight  to  the  damper,  suspended  in  the  stoke-hole  within 
easy  reach  of  the  fireman's  hand  while  engaged  in  charging  the 
furnace.  Without  those  two  provisions,  especially  the  first,  times 
will  occur,  in  the  case  of  sudden  demands  of  an  engine  with  a 
variable  load,  for  steam,  when  the  influx  of  air  must  bo  controlled, 
otherwise  the  engine  may  go  slow,  or  stop,  and  smoke  of  greater 
or  leas  capacity  will  at  such  times  issue.  In  the  event  of  the  en- 
gine going  slow  from  the  above  or  any  other  kmpomry  caiise,  just 
after  a  charge  of  coal  has  been  put  into  the  furnace,  then  it  is  that 
the  fireman  finds  a  resort  to  the  damper  most  valuable.  When 
the  draught  is  strong,  a  slight  touch  of  the  damper  so  as  to  in- 
crease the  escaping  area,  will  commonly  be  sufficient  to  prevent 
the  engine  from  stopping,  or  will  enable  it  to  recover  its  speed. 
In  order  Ui  estimate  the  value  of  a  large  fire-grate  area  and  sur- 
plus draught,  it  is  only  necessary  to  consider  what  would  be  the 
effect,  under  the  same  circumstances,  with  a  confined  fire-grate  and 
the  damper  already  wide  open.  There  is  then,  of  course,  no  re- 
aource  left  but  stirring  the  fire,  and  consequently  stiiring-up  a 
amoke  at  the  same  time.'** 

*  A  quick  draaghl  is  in  one  respect  tantainoant  to  a  lai^  Bre-RrAte  %nu, 
iiDce  it  etjiidly  eouliles  more  coal  to  be  burned  in  a  gives  lime,  and  tlios  iii' 
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Uaving  shown  how  easy  it  is,  with  a  proper  arrangement  of  ihe 
furnnce  bars,  to  avoid  smoke,  it  will  be  useful  to  show  how,  with 
improper  arrangements,  it  is  also  very  easy  to  do  a  great  deal  of 
harm  to  the  boilers,  however  perfectly  the  smoke  may  be  consumed 
or  prevented. 

That  injury  to  boilers  and  danger  from  explosions  is  to  be  ap- 
prehended from  any  system  of  preventing  smoke  in  which  a  cur- 
rent of  coM  air  is  directed  against  the  boiler  bottom,  is  no  longer  a 
mere  opinion,  but  a  fact  which  cannot  be  gainsaid-  Thia  urill  ap- 
pear sufficiently  plain  to  any  one  who  will  attentively  read  Uia 
f  )llowing  copy  of  a  report  of  an  examination  I  made  of  a  case  of 
the  kind  in  Manchester  several  years  ago. 


COPT   OF   A    REPORT   ON   WILLIAMS  3    PATENT   SMOKE-BUB>nNG 
FURNACE. 

Jb  Jifcssrs.  Samnett  &  Co.,  Calaiderers,  Walling  Street,  Manchester. 

Gentlemen: — In  accordance  with  your  request,  I  have  carefuHy 
examined  into  the  circumstances  attending  the  injury  sustained 
by  your  steam-engine  boiler,  during  the  three-days'  trial  of  Sir. 
"Williams's  patent  smoke -consuming  furnace,  and  have  to  report 
thereon  as  follows : — 

Some  of  the  plates  in  the  boiler  bottom  behind  the  bridge  if- 
pear  to  have  been  exposed  to  a  considerable  degree  of  expansion 
and  contraction  alternately,  arising  from  frequent  altematiuus  li 
temperature,  by  whieh  means  the  rivets  have  been  dragged  w»- 
cessively  in  opposite  directions,  until  they  have  become  looaewn 
in  the  rivet-holes,  and  the  boiler  has  become  leaky.* 

orpBSea  the  power  of  Ibe  boiler  in  generating  steum.  A  quick  drati^fal.  ti" 
ever,  has  tliis  furtlicr  advantage, — that  inanmuch  aa  the  lemperatiire  of  l^i' 
furnace  U  higher  when  the  same  quantitj  of  heat  is  generated  in  a  ■innllipKf 
than  what  it  will  be  when  generated  in  a  large  space,  the  heat  U  traiismit'H 
moth  more  rnpidlj  to  the  water  of  tlie  boiler  in  the  case  of  the  strong  dfaag*'- 
by  rea!ton  of  the  bigher  temperature  in  that  case  obtniuing.  As,  theirfo"'' 
there  ia  more  heat  tranamitted  in  ibe  region  of  the  funiiiee  in  the  case  of  1" 
Btrong  draught,  there  will  be  less  remaining  to  be  trannniilted  in  the  rrp"* 
nf  the  flacfl.  In  other  words,  the  flues  will  have  lew  work  to  do,  m' 
tliey  may  either  be  mode  shorter,  or  the  he^t  will  be  more  Ihoroof !i!j  •*" 
Borbed. — J.  B. 
•See  illuHtrationfl  of  similur  effecis  in  figures  97  ami  93,  fl.ap.  XXVII. 
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H  One  plate  is  alao  wliat  is  usually  called  "burnt  out,"  which  is 
Hrliat  generally  hapfwns  when  one  side  of  an  iron  plate  is  frequently 
Hvid  suddenly  heated  and  cooled,  while  the  other  side,  from  its  con- 
Bpct  with  the  water  in  the  boiler,  is  kept  at  a  moderately  uniform 
H^perature.  In  this  cas?,  also,  owing  to  the  noctjssarily  laminated 
^Kructiirc  of  wrought  iron,  combined  with  the  heating  and  cooling 
^pocesa  above  described,  "ablii^ter"  has  arisen  in  one  of  the  plates, 
^pid  this  blister  has  been  the  immediate  cause  of  the  giving  way 
Hf  the  boiler,  by  bo  far  weakening  it  as  to  allow  the  pressure  of  the 
^fceam  and  water  to  force  down  the  plate  in  that  particular  place. 
H  The  main  cause  of  the  above  results  is  clearly  to  be  traced  to  the 
Baaperfect  construction  of  the  furnace,  inasmuch  as  the  passage  for 
Bie  admission  of  fresh  air  to  the  flame  behind  the  bridge  is  unpro- 
^nded  with  a  valve  or  other  meaiis  of  regulating  the  quantity  of  air 
Hfr  admitted,  or  the  time  of  its  admission,  milhin  the  reach  a/  the 
Wmgineer  whilst  engaged  in  firing  the  boiler. 

^^  To  enable  me  to  explain  this  point  more  fully  to  your  satisfac- 

^W>n,  I  may  state  that  this  mode  of  preventing,  or  (as  it  is  most 

^pnnmonly  called)  "burning"  the  smoke,  by  admitting  atmospherio 

Kir  at  or  behind  the  bridge  of  the  furnace,  has  been  long  known, 

and  frequently  practised  in  Manchester  since  it  was  first  generally 

introduced  here  by  Mr.  John  Wakefield  more  than  twenty  years 

ago.     This  gentleman  also  practised  the  method  of  diffusing  the  air 

through  several  small  apertures  inside  the  fumaca  chamber,  in  the 

same  manner  as  Mr.  Williams.    But  in  all  Mr.  AVakeficld's  furnaces, 

as  well  as  those  of  Mr.  Parkes,  that  I  ever  saw,  the  passage  through 

which  tlie  air  was  allowed  to  communicate  with  those  apertures 

was  supplied  with  a  regulating  valve  for  the  purpose  of  admitting 

the  proper  quantity  of  air,  suitable  to  the  varying  state  of  the  fire. 

or  to  shut  it  off  at  the  discretion  of  the  engineer  or  fireman.     And 

the  uniform  practice  of  all  operative  engineers  has  always  been, 

^rhen  no  flame  was  passing  from  the  fire,  and  consequently  no 

^■Uoke  being  made,  to  shut  the  air  o3'  entirely. 

^t  In  your  case,  however,  the  furnace  is  so  arranged  that  a  con- 

^Bint  stream  of  cold  air  is  uniformly  rushing  into  the  main-furnaca 

^BBmher  or  flame-bed  of  the  boiler  at  all  timet,  and  whether  there 

^■a  flame  passing  over  the  bridge  or  not* 

^■.*  I  km  aware  that  tbe  production  or  Itie  invisible  carbon ic-ciide  gas.  Trom  a 
^HKck  caked  &re,  may  Bomtillmeii  cre:ttc  a  dcmnad  for  air  whau  qo  blauk  smoLo 
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The  certaiQ  and  inevitable  consequences  of  tliia  state  of  tilings 
are,  that  every  time  the  fresh  coa!  is  thrown  on  the  fire,  unJ  & 
flame  is  produced  sufficient  to  reach  through  the  throat  of  t!ie  far- 
nace,  the  current  of  fresh  air  passing  directly  into  [or  against]  ibfl 
flame  from  below,  drives  the  latter  right  up  against  the  boiler 
bottom  in  the  manner  of  a  blow-pipe,  causing  it  to  impinge  ivitH 
peculiar  intensity  against  that  portion  of  the  boiler  bottom  iinnie- 
diately  exposed  in  the  direction  of  the  blast.  On  the  other  hantl, 
hs  Koon  as  the  fire  on  the  grate  has  burned  bright,  and  (he  jbnws 
does  Twii  extend  over  the  bridge,  the  COLD  air  striking  against  lUs 
Bams  part  of  the  boiler  bottom,  which  had  just  before  been  so  un- 
duly expanded  by  intense  heat,  a  sudden  contraction  of  the  metal 
necessarily  ensues,  besides  a  great  waste  of  fuel,  and  difficulty  in 
keeping  up  the  steara. 

I  have  long  paid  great  attention  to  the  operation  of  smoke-burn- 
ing furnaces  generally,  and  more  particularly  to  those  constructed 
on  the  principle  so  imperfectly  attempted  by  llr.  Williams,  that 
18,  by  supplying  to  the  carbonaceous  products  evolved,  their  fuH 
saturating  equivalents  of  oxygen  for  efteoting  the  moat  perfectly 
attainable  combustion  of  their  elements,  and  thereby  preventing 
smoke,  but  which  can  only  be  safely  eftected  by  carefully  regulat- 
ing the  admission  of  air  to  the  flame,  for  which,  in  Mr.  Williams'a 
plan,  there  is  no  provia'nn  made  whatever,  I  have  no  hesitation 
in  stating  that  the  result  of  my  experience  is  a  confirmed  opinion 
against  the  economy  of  the  process;  being  convinced,  that,  in  onli- 
nary  circumstances,  there  is  more  fuel  wasted  by  the  admission  of 
cold  air  to  the  boiler  bottom,  than  is  saved  by  the  most  perfect 


ie  pa99in^.     But  I  contend  that  xach  air  ihoiild  be  anppHed  through  the  gxxU, 
tad  not  behind  the  bridge,  unless  carefully  regulated. 

Hypprcritieism  might  uontcnil  that,  instead  of  ii"etreBm  of  colli  niri'ilwoaM 
have  been  more  correct  to  sajifreaimiDf  cold  air,  inasmuch  ae  llie  air  wu  top- 
plied  through  a  perforated  plule  between  two  briilgex,  vhich  did  not  font, 
itrictly  «pcakiDg,  the  split  or  double  bridge  of  Parkes,  buing  much  wider  apwt 
These  numerous  streams,  liowerer,  nnilcd  and  became  one  sirenro  nfler  puling 
through  the  meshrg  of  the  "  Patent  Riddle,"  which  riddle  grating  or  perfoisttd 
plale  fnrmed  the  speciul  claim  of  the  piitent,  and  conid  be  of  no  earthly  iK, 
unless  indeed  it  had  been  used  for  healing  the  oir.  Thai  purpose.  howe*('. 
was  especially  diicfaimed  in  the  patent,  and  the  air,  in  this  particular  etw, 
wag  brought  in  a  separate  clianni^I  lU  a  distance  from  the  boiler  ititcntionillT 
that  il  night  be  cnld,  and  ibnt  ail  acuuss  to  it  by  the  engiueer  might  be  eat  oC 
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consumption  of  the  smoke.  This  conviction  has  been  forced  upon 
jne  by  a  careful  and  unprejudiced  examination  of  a  great  many 
Bteam-engine  furtiaces  erected  both  by  myaelf  and  others,  including 
.peveral  constructed  by  Mr.  Williama  himself. 

I  may  take  the  lib^irty  of  condudiog  this  report  with  a  caution 
irhich  I  have  been  in  the  habit  of  giving  verbally  to  all  those  who 
j^ave  occasionally  consulted  me  on  this  subject  for  some  years 
rt.  It  is  that  I  have  reason  to  believe  that  many  extensively 
Ell  explosions  of  steam-boilers,  not  otherwise  satisfactorily 
runted  for,  have  arisen  from  similar  causes  to  those  detailed 
ibove,  namely,  frequent  and  sudden  alterations  of  temperature  at 
he  lower  part  of  the  boiler,  inducing  a.  tendency  to  burst  down- 
rards,  of  which  instances  are  constantly  occurring.  lu  fact,  in 
be  case  of  your  own  boiler,  the  minor  explosion  it  has  expe- 
ienced  may  be  considered  in  the  light  of  a  very  narrow  escape, 
)r  if  the  blistered  plate  had  been  of  rather  a  better  quality  of 
»n,  30  as  to  have  held  out  a  fjw  days  longer,  or  until  one  or  two 
t  the  adjoining  alreaily  injured  plates  had  become  nearly  as  weak 
I  itself,  in  all  probability  tliey  would  have  given  way  simultane- 
nsly,  and  produced  an  extfinsive  explosion,  the  eff^ict  of  which  is 
Snially,  by  reaction,  to  force  the  boiler  upwards,  sometimes  to  a 
pnsiderable  height  through  the  supervening  buildings,  in  a  way 
lat  has  too  frequently  created  an  enormous  destruction  of  life 
lid  property.  Robert  Armstromq. 

The  reason  for  giving,  perhaps,  undue  prominence  to  the  above 
letter  or  report,  is  that  it  was  not  orginalhj  published  by  me,^that 
is,  if  printing  and  giving  away  a  large  number  of  copies  may  be 
considered  as  such,^but  by  Mr,  Joseph  Williams,  of  Liverpool, 
then  (in  18-41),  as  now,  well  known  as  the  proprietor  of  the  patent 
smoke-burning  furnace  of  his  brother-in-law  Mr.  Kurtz,  a  scientific 
chemist  of  considerable  eminence.  The  letter  itself  was  properly 
a  private  buainesa  one,  which,  with  other  evidence,  was,  after 
revisal  by  mo,  put  into  the  hands  of  the  solicitor  of  the  firm  of 
^amiiett  &  Co.  for  legal  purposes.  Although  not  then  called  on 
to  justify  the  publication,  I  did  not  object  to  it,  because  Mr.  Josqili 
nTiUiama  represented  to  rac  the  injury  hia  character  and  that  of 
^h  patent — which  was  for  the  use  of  hot  air — might  sustain  in 
Bnng  confounded  with  those  of  Mr.  Charles  Wye  Williams,  whose 
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patent  was  for  the  use  of  cold  air,  owing  to  both  persons  haying 
the  same  surname*  Consequently  many  thousand  copies  of  the 
report  were  printed  and  eirculated  by  Mr.  Joseph,  settiug  forth  tlia 
dii>tinctive  appellations  of  himself  and  Mr.  Charles  IFye  ot  full 
length.  This  procedure  was  also  followed  by  Mr.  John  Chanter 
of  London,  tlie  proprietor  of  numerous  smoke  patents,  publish- 
ing the  same  thing.  The  object  of  both  those  gentlemen  via 
probably  the  same,  that  of  demolishing  the  business  of  a  riviJ 
patentee,  which,  there  is  no  doubt,  they  did  most  effectually ;  rais- 
ing, at  the  same  time,  some  rather  undignified  discussions  in  tlie 
public  press  on  their  various  claims  to  notoriety  in  saving  thirty, 
forty,  and  fifty  per  cent  in  fuel.  In  those  discussions,  except  in 
self-defence,  I  took  no  part,  having  no  pecuniary  interest  in  uj 
smoke  patent,  nor  any  sympathy  whatever  with  any  of  the  com- 
batiints. 

So  effectually  had  all  public  interest  died  out  in  the  above  dis- 
cussion, which  was  supposed,  as  usual,  by  many  to  be  settled  in 
favor  of  those  who  care  to  have  the  last  word,  that  I  did  notlhinlc 
it  necessary  to  allude  to  the  subject  in  my  "Kudimentary  Treatise 
on  Steam -Boilers,"  iu  1851.  The  subject  however,  has  been 
revived  by  the  Society  of  Arts  awarding  one  of  its  prize-medalj 
for  an  essay  on  smoke-prevention,  among  others,  to  Mr.  C,  Wye 
Williams,  who  must  have  convinced  the  society  that,  "thongh 
beaten,  he  can  argue  still."  In  this  prize-essay  Mr.  Williams  hB 
endeavored  to  revenge  his  former  discomfiture  by  an  onslaught  on 
the  whole  of  the  pi-eaent  generation  of  patent  smoke-bumera 
which  I  do  not  notice,  but  for  the  unfair  use  he  makes  of  Om 
above  report, — misquoting,  garbling,  and  perverting  it  in  eveit 
possible  way  ."I"  Ilenee  the  obligation  I  am  under  in  giving  my 
report  at  full  length  as  alwve. 

Considering  that,  although  I  stand  sufficiently  absolved  from 
the  necessity  of  noticing  Mr.  Williams  any  further,  there  are  one 
or  two  others  whose  practical  abilities  as  engineers  the  public  ioH 

•  It  is  remnrkablB  that  Tour  different  persona  of  the  name  of  TTiTlin"". 
Irish.  EnKiish,  Scotch,  and,  1  heiieve,  Welsh,  were  the  holders  or  smolie-l™'- 
enta  dnring  the  same  year,— the  first  and  second  of  whom  oiilj"  we  now  refer  to. 

t  See  hia  letter  on  the  smuko  naisance  in  the  Engineer  newspaper,  for  U»f 
30lh,  185G. 
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high  re.^ee*,  wlio  have  boen  led  a=tray  in  tliis  matter  of  smoke- 
»rL'\  eQtioQ,  but  who  can  have  no  interest  or  desire,  except  to  be 
Bt  right  aa  to  facta,  I  think  it  proper  here  to  narrate  the  results 
if  8ome  txp  riments  I  witnessed  upon  smoke-burning  in  1843, 
rith  the  view  of  illustrating  some  of  the  points  then  under  con- 
roversy.  This  information  ia  allorded  in  the  following  niemo^- 
kodum: 

ACCODNT  OF  EXPERIMENTS  CONDUCTED  AT  THE  COTTON  FACTOHT 
OF  THOMAS  HOULDSWORTH,  ESQ.,  M.P.,  IN  MANcnESTKR,  IN  1843, 
IX  ORDER  TO  DECIDE  ON  THE  ECONOMY  OF  SMOKE- PREVENTION. 

It  will  be  remembered  that  a  select  committee  of  the  nouse  of 
Commons  was  appointed  to  investigate  the  smoke-nuisance  ques- 
tion in  1843,  the  results  of  which  investigation  were  published  in 
k  blue  book  about  the  end  of  that  year  ;  and  on  the  evidence  con- 
tained in  that  and  other  reports.  Parliament  afterwards  proceeded 
to  pass  several  new  laws  on  the  subject — a  very  proper  thing  in 
Itself,  if  founded  upon  truth  instead  of  the  most  erroneous  state- 
Beats  to  the  effect  that  manufacturers  would  be  greatly  benefited 
tj  the  measure  in  the  saving  of  fuel  thereby  insured. 
.  Among  other  questionable  evidence,  by  much  less  reputable 
cities,  published  in  this  blue  book,  was  a  statement  by  Mr.  H. 
louldsworth,  supported  by  a  long  array  of  tables  and  diagrams, 
erting  that,  "by  an  admission  of  air  to  the  extent  required  to 
;vent  smoke,"  into  the  "  body"  of  a  steam-boOer  furnace,  "much 
Idditional  heat  is  produced,  more  steam  raised  from  the  same 
light  of  coals,  and  more  water  evaporated  in  the  same  time." 
Partioulars  of  four  e.tperiments  are  detailed  in  order  to  show  that 
,  gain  of  thirty-five  and  thirty-six  per  cent,  was  "  made  by  admit 
ing  air  partly  at  the  door,  and  partly  at  the  bridge)  through  one 
f  Mr.  C.  W.  Williams's  diffusion-boxes"  (or  patent  perforated 
ilates).  In  the  appendix  to  the  report  it  is  stated  that,  "  in  each 
xperiment  1840  lbs.  of  Knowles's  Clifton  coils  were  burnt;  a 
fcee-burning  kind,  much  used  in  Manchester.  The  boiler  was  one 
if  Boulton  and  Watt's,  twenty -four  horse  power,  wagon-shape." 
The  following  extract  is  from  Table  B.,  Appendix  No.  5,  page 
1,  referred  to  in  the  evidence  of  Henry  Houldaworth,  Esq. 
Vide  Q.  1100,  p.ige  102,  July  27th,  1843. 
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The  first  effect  of  Mr.  Houldsworth's  published  statement  was 
the  industrious  propagation  by  some  of  the  Manchester  and  Liver- 
p<ioI  Journals,  of  the  fallacious  inference  that  35  or  36  per  cent, 
in  fuel  was  to  be  saved  by  smoke-burning  instead  of  25  |ier  cent, 
only,  supposing  his  experimental  data  to  be  right.  That,  however, 
was  denied  by  many  manufacturers,  and  the  result  was  a  requeBl 
to  Mr.  Houldsworth  to  repeat  any  of  his  experiments  likely  to 
show  them  so  very  desirable  a  result.  This,  after  some  prepani- 
tion,  ivas  agreed  to,  and  I  was  appointed  by  the  firm  of  George 
Clarke  and  Co.  as  their  consulting  engineer  to  witness  the  experi- 
ment, and  was  also  retained  for  the  same  purpose  by  other  nuinii- 
facturers  who  felt  great  interest  in  the  subject. 

These  trial  experiments  took  place  by  appointment  on  the  iWi 
and  20th  December,  1843,  and  the  following  summary  of  the  re- 
sults, after  undergoing  the  revision  of  Mr.  Billington,  who  sllpe^ 
intended  the  experiments  on  the  part  of  Mr.  Houldswortb,  and  * 
written  acknowledgment  of  the  latter  gentleman  to  their  correet- 
neas,  was  transmitted  by  me  to  Messrs.  Clark  and  Co.,  and  other 
Jirms  mtere^ted  in  the  matter,  also  to  Mr.  Wm.  Fairbaim  and  other 
engineers,  wlio  appeared  to  be  so. 
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iBou^ti  of  the  erpfri-mental  trial  of  Oie  comparative  eeonamy  of  Mr. 
I  C.  W.  Williams's  paUmi  system  of  smohe-prfvention  and  the  ortU 
I    nary  plan. 

I  "The  exact  rosulta  of  the  smoke-burning  experiments  made  at 
■Er.  Thomas  Houldsworth'a  works,  on  the  19th  and  20th  of  Dec, 
B843,  are  as  follows : 

I  "  At  one  boiler  Imving  Williams's  Patent  Argand  Furnace  at- 
bched — that  is  with  a  permanent  aperture  admitting  a  continuous 
Current  of  air  through  a  perforated  plate  or  'diffusion-box'  behind 
the  bridge, — by  the  consumption  of  1150  lbs.  of  coals,  the  evapo- 
ration was  569  J  gallons  of  water  in  5  hours  22  minutes ; — and  on 
the  following  day,  namely,  the  20th  of  December,  1843,  with  the 
same  boiler,  the  same  quantity  of  coals  from  the  same  Iteap,  and  every 
thing  exactly  in  the  same  state  as  before,  except  that  the  aperture 
for  admitting  air  at  the  bridge  was  kept  carefully  closed  the  whole 
time,  and  the  holes  in  the  fire-door  plugged  up,  the  evaporation 
was  713J  gallons  in  5  hours  and  20  minutes.  The  experiments 
commencing  each  day  at  the  same  hour." 

Rate  of  evaporation  per  lb.  of  coal  is  accordingly : — 
With  air  admitted  4-95  lb.  water  to  1  lb.  Coal. 
Without  ditto .     .     6-2  lb.     "  1  lb.    " 

Difference  1'25  ih,  or  25  per  cent,  more  steam  in  favor  of  the 
ordinary  plan  and  against  smoke-prevention,  instead  of  36  per  cent. 
by  parliamenlary  eviikiice  the  contrary  way  ! 

After  so  signal  a  failure  as  the  above,  what  must  we  think  of  a 
statement  which  the  publisher  has  been  influenced  by  Mr.  Williama 
to  insert  twice  over  in  an  unauthorized  "  Appendix"  to  a  surrepti- 
tious edition,  miscalled  by  him  the  third  of  my  "Rudimentary 
Treatise"  to  the  effect  that  Mr.  Houldsworth  had,  "as  a  result  of 
his  reading  Mr.  C.  W.  Williams's  book  on  combustion,"  reduced 
Ilia  consumption  of  coal  from  20  to  17  cwt.  per  hour?  My  answer 
to  this  is,  that  previous  to  his  adopting  Williams's  system,  he  was 
uang  at  the  rate  of  7j  lb.  of  coal  per  imlicated  horse-power  per 
hour, — full  20  per  cent,  more  than  the  average  rate  of  other 

kDianufacturcTs  at  that  time,  which  left  room  for  saving  even  by 
fee  adoption  of  a  bad  plan. 
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Mr.  Houidsworlli'a  consumption  was  not  therefore  the  "ordinai^'^ 
but  an  extraordinary  and  extravagant  consumption  of  coal.  Thi^ 
is  amply  authenticated  by  various  duty  report  papers  of  Manches- 
ter engines  now  before  me;  a  fact  which  constitutea  him  a  very 
weak  authority  on  the  subject,  the  only  nominal  (engineering) 
support  he  occasionally  had  in  Manchester  to  the  contrary,  not- 
withstanding. 

Many  other  proofs  abound,  utterly  condemnatory  of  the  perfect 
combustion  notion,  in  its  application  to  steam-engines;  but  aa 
that  system  is  now  jierfectly  defunct,  if  it  ever  was  alive,  except 
on  paper,  I  shall  here  conclude  with  some  observations  printed 
several  years  ago  on  "perfect"  and  "imperfect"  combustion,  for 
the  use  of  those  who  require  a  more  rational  theory  on  the  sub- 
ject, and  which  I  now  take  the  liberty  of  entitling 

A   THEORY    OF   THE    BEST    POSSIBLE   COMBUSTIOX   IN    STEAM- 
ENaiN'E   FUByACES. 

It  is  true  that  smoke  is  a  result  of  imperfect  combustion,  but  it 
is  also  true  that  combustion  may  be  still  more  imperfect  without 
smoke,  and  be  attended  with  a  much  greater  waste  of  fuel.  In  a 
steam-engine  furnace,  there  never  was,  and  never  can  be  "  Perfect 
'^ombustion,"  even  in  theory,  mueh  less  in  practice.  In  the  nearer 
apparent  approach  thereto,  when  no  visible  smoke  escapes  from  the 
chimney,  there  always  arises  from  a  fire  of  tolerable  thickness  a 
certain  quantity  of  unconsumed  inflammable  giis,  chiefly  carbonic- 
oxide,  whilst  at  the  same  time,  a  very  large  proportion  (acconUng 
to  experiments  by  Peter  Ewart  and  John  Dalton  about  one-hn}/) 
of  the  gaseous  products  passing  off  by  the  chimney  consist  of  at- 
mospheric air  unchanged,  that  is,  containing  its  full  proportioD. 
about  oue-fifth  of  oxygen.  Now,  since  it  is  impossible  to  increase 
the  supply  of  oxygen,  which,  by  combining  with  the  fuel  in  tha 
furnace,  is  alone  the  cause  of  all  the  beat  produced,  without  at  the 
same  time  increasing  the  siipply  of  the  other  component  of  the 
atmosphere,  consisting  of  /our-f/lhs  of  it,  namely,  the  nitrogen; 
and  allowing,  as  above,  one- half  only  of  the  oxygen  to  be  available, 
it  follows  that  about  nine-tenths  of  the  atmospheric  air  admitted 
into  the  furnace,  and  heated  to  a  temperature  of  about  seven  hun- 
dred degrees,  is  carried  off  by  the  chimney  for  no  purpose  what- 
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«ver,  except  to  enable  the  remaining  one-tenth  to  support  the 
combastion  of  the  fuel. 

An  exception  may  be  taken  to  this  on  the  ground  that  some 
part  of  this  waste  heat  may  be  recovered  by  an  extended  heating- 
surface  of  the  boiler ;  that,  however,  i^  Hmitod  in  practice  by  other 
circumstances,  and  does  not  aflfect  the  above  conclusion  as  rcganla 
the  furnace  considered  by  itself. 

Whether  heat  is  a  material  substance  or  not,  which  is  immaterial 
to  this  question,  it  is  quite  certain  that  in  its  production  from  the 
burning  of  common  bituminous  coal,  the  main  elementa  concerned 
are  carbon,  hydrogen,  and  oxygen,  and  that  the  complelf  a>nvmi«n 
of  these  three  substances  into  carbonic  acid  and  water  without 
waste,  is  the  only  common-sense  idea  that  can  be  conoeivetl  of 
comphtte  or  "perfect  combustion,"  And,  if  we  would  have  a  con- 
tinned  supply  of  oxygen  without  its  accompanying  nitrogen,  such 
combustion  might  be  possible ;  but  as  we  can  only  have  these  two 
elements  mixnl  as  we  find  them  in  the  atmosphere,  and  one  of  them 
having  to  be  se)mrated  from  the  other,  as  they  pass  through  tho 
furnace,  whilst  so  large  a  portion  as  nine-tenths  of  the  whole  is  of 
no  use  in  the  process,  the  case  is  considerably  altered. 

Take,  for  instance,  any  given  ordinary  furnace,  and  supposing 
it  to  be  in  operation  anJ  supplied  with  fuel  at  a  given  uniform  raU, 
if  we  then  suppose  the  air  supporting  the  combustion  to  be  supj 
plied  at  a  uniformbj  irareasiny  rate,  it  is  certain  that  a  maximum 
{joint,  in  the  relative  proportions  of  the  air  and  fuel,  must  be 
somewhere  arrived  at,  where  the  expenditure  of  heat  on  the  lib- 
erated nitrogen  and  other  incombustible  protlncts  escaping  by  the 
chimney  must  counterbalance  the  heat  created  by  the  consumption 
of  that  portion  of  any  combustible  gas  or  smoke  that  would  other- 
wise pass  oflf  unconsumed  in  the  same  way, — the  former  increasing 
as  the  latter  diminishes,  and  vice  versa. 

Tliis  maximum  point  of  best  possible  combustion  once  at- 
tained, we  can  neither  pass  nor  fall  short  of  it  without  diminishing 
the  temperature  and  eventually  stopping  the  process.  Or,  in  other 
words,  the  oxygen,  which  alone  supports  the  combustion,  must  noi 
only  create  as  much  heat  as  is  sufficient  for  heating  itself,  but  also 
as  much  as  is  required  to  heat  up  to  the  same  degree  all  the  air  or 
gases  with  whioh  it  is  in  contact:  otherwise  the  combustion  will 
DOt  go  on  at  the  same  rate,  and  consequently  a  lessened  supply  of 
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steam  to  tlie  engine  results,  and  less  power,  the  only  tni^ 
of  heat,  is  produceJ. 

The  natural  conclusion  from  the  above  theory — which  la  also 
in  strict  accordance  with  all  successful  experience — is,  that  the 
inost  economical  method  of  firing  a  steam-engine  boiler,  from 
which  a  constant  quantity  of  steam  is  required,  must  be  by  a 
regularly  uniform  supply  of  fuel  to  the  furnace,  and  a  similarly 
regular  supply  of  air  through  the  fire-grate,  "and  nowhere  else," 
with  a  uniform  though  moderate  emission  of  smoke,  visible  or  in- 
visible, from  the  chimney :  visibk  within  certain  limits  of  density 
of  shade,  as  the  combustion  is  more  or  less  imperfect,- — being  least 
imperfect  when  the  comb^istion  is  quicker  and  the  resulting  pro- 
ducts contain  the  largest  proportion  of  carbonic  acid  gaa  and  steam, 
holding  in  suspension  a  thin,  gray  coloring  of  carbon  or  soot,  which 
constitutes  oniinary  smoke;  invisibk  when  the  combustion  is 
slower  and  more  imperfect,  allowing  the  carbonic  acid  first  formed 
to  be  replaced  in  the  escaping  products  by  a  large  quantity  of 
carbon  in  the  form  of  carbonic  oxide  gas,  thereby  wasting,  at 
least  theoretically,  nearly  half  the  available  carbon  of  the  coaJ. 


CHAPTER  XXVI. 


R£»ARt:3   OS  SMOKE-BURNINO,   BT  JOHN   BOURNE,   ESQ. 


[The  following  remarks  fijrm  a  portion  of  a  review  of  llr. 
Charles  Wye  WUliams's  book  on  "  Ttie  Combustion  of  Conl  and 
tlie  Prevention  of  Smoke,  Chemically  and  PractioaUy  Considered," 
which  appeared  in  the  "Artizan"  for  February,  1843.] 

The  smoke  evolved  by  every  species  of  bituminous  coal,  when 
burned  in  common  furnaces,  must  necessarily  detract  considerably 
from  the  caloric  efficacy  of  the  fire,  both  on  account  of  the  direct 
loaa  of  a  portion  of  the  combustible,  which  passes  off  in  the  form 
of  smoke  and  ia  dissipated  in  the  atmosphere,  as  well  as  from  the 
loss  of  the  heat  requisite  to  convert  the  hydrocarbons  so  dissi- 
pated into  the  gaseous  form.  Numerous  attempts  have  been  made 
to  obviate  or  diminish  these  sources  of  waste,  by  admitting  into 
the  flue  or  furnace  a  stream  of  air  to  accomplish  the  combustion 
of  the  inflammable  parts  of  the  smoke.  But  the  dilHculty  of  ap- 
portioning the  quantity  of  air  admitted  to  the  varying  wanta  of 
the  fire,  has  been  found  an  insuperable  objection  in  the  case  of 
ordinary  furnaces :  whilst  the  refrigeratory  eftect  of  the  excess  of 
air  it  is  necessary  to  admit  in  onler  to  bring  the  atoms  of  the  com- 
bustible and  the  supporter  within  the  range  of  combining  attrac- 
tion, goes  far  to  neutralize  the  increased  heating-power  consequent 
on  their  combination.  In  experiments  upon  smoke-burning  fur- 
naces, csonducted  with  great  care  and  skill,  possibly  some  little 
saving  may  have  been  repeatedly  realized.  But  with  the  measure 
of  care  and  skill  which  furnaces  can  obtain  in  the  onhnary  routine 
of  practical  operation,  smoke-burning  has  invariably  betin  produc- 
tive of  a  dimini.shed  efficiency,  or  an  increased  consumption. 

All  this  Mr.  Williams  acknowledges;  but  maintains  that  his  13 

not  a  smoke-burning,  but  a  smoke- pre  venting  furnace.     Smoke, 

Lhe  admits,  cannot  be  burned  advantageou.sly.    But  it  ia  not  ajiioka, 


286  MECHANICAL   ENQISEERTNG. 

he  s.iys,  but  gas,  tliat  he  attempts  to  consume.     The  difFerencs  is 
certainly  conceivable,  and  not  unimportant;  yet,  on  looking  at tb 
construction  of  Mr.  WiJliams's  furnace,  we  find  that  the  fiirnttM 
proper  diffors  in  no  respect  from  common  furnaces ;  and  the  aeri- 
form matter  which  paases  through  the  furnace-throat  must  tliei*' 
fore,  necessarily,  be  of  the  usual  description.     The  whole  of  Mr 
Williams's  plan,  indeed,  consists  in  letting  air  into  the  fine  by  a 
multitude  of  holes.     But  the  substance  to  which  the  air  is  admit- 
ted is  identical  with  that  in  furnaces  of  the  ordinary  kind;  and  Vis 
furnace  ia,  therefore,  just  as  much  a  smoke-generating  furnaw  « 
any  furnace  whatever.     The  difference  between  smoke  and  gas  is 
simply  this :   One  is  the  product  of  imperfect  or  incomplete  com- 
bustion, whilst  the  other  is  not  the  product  of  combustion  at  all 
but  of  volatilization  merely.    And,  as  combustion  ia  carrii;d  on  io 
this  gentleman's  farnace,  the  substances  flowing  past  the  difi'uaion- 
orifices,  which  are  the  product  of  that  combustion,  cannot  be  coal- 
gas   by  any  possibility.      The   question   really  at  issue,  is  not 
whether  it  is  beneficial  to  admit  air  to  gaa  in  one  hole  or  in  many 
holes,  but  whether,  in  the  case  of  this  furnace,  it  is  gas  at  all  to 
which  the  air  is  admitted.     To  pretend  that  smoke  can  be  turned 
into  gas  by  letting  in  air  upon  it  by  one  hundred  holes,  instead  of 
by  one  or  two,  is  just  as  preposterous  as  to  maintain  that  the  plant 
which,  when  watered  with  a  common  watering-pot,  is  a  lily,  will 
be  turned  into  a  thistle  if  watered  with  a  jug.     In  spite,  then,  of 
all  the  indignation  Mr.  Williams  has  heaped  upon  "  gmoke-bum- 
ing  pretenders,"  it  is,  in  our  eyes,  undeniable  that  he  is  himself 
one  of  the  genus  he  so  loudly  condemns";  and  as  we  partieipata 
to  a  certain  extent  in  his  disapproval  of  smoke-burning  expedi- 
ents, we  are  compelled  to  surrender  him  to  his  own  reprobation. 

The  ineffectual  and  injurious  character  of  Mr.  Williams's  ar- 
rangements, are,  we  think,  very  ably  pointed  out  in  a  report  of 
Mr.  Armstrong's,  addressed  to  a  respectable  manufacturing  firm 
in  Manchester,  and  inserted  at  p.  27A  of  the  present  work. 

In  answer  to  this  statement,  Mr.  Williams  contends  that  when 
there  is  no  smoke  to  be  burned,  there  is  carbonic  oxide,  and  that 
therefore  a  rush  of  cold  air  through  the  diffusion  orifices  at  any 
time  is  impossible.  But  if  the  furnace  be  made  to  producj;  car- 
bonio  oxide  in  considerable  quantity  at  all,  so  as  to  combine  with 
the  oxygen  when  there  is  no  smoke,  this  carbonic  oxide  must  pass 
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xinsuraed  where  there  is  smoke,  provided  the  smoke  he  con- 
umecl,  and  a  great  waste  of  fuel  roust  thereby  be  occaaioned.  In 
he  case  of  ordinary  furnaces,  it  appears  impossible  indeed  for 
Mr.  Williams  to  extricate  himself  from  this  dilemma.  He  m<jst 
ither  have  a  current  of  cold  air  rushing  at  times  through  the  dif- 
a  orifices,  cooling  and  injuring  the  boiler,  or  large  quantities 
of  carbonic  oxide  continually  escaping  into  the  chimney,  so  as  to 
Miasion  a  material  waste  of  fuel.  On  the  whole,  it  appears  to  ua 
jhat  although  this  project  mav  be  capable  of  affording  some  satip- 
ictioQ  30  long  aa  it  meets  with  the  care  due  to  a  novel  and  nurse- 
ling pi'oject, — as,  indeed,  a  host  of  previou.s  schemes  have  repeatedly 
done, — yet  that  io  the  aggregate  of  ordinary  working  it  will  ap- 
|)rove  itself  troublesome,  expensive,  and  pernicious. 

Of  Mr. Williams's  book,  our  verdict,  we  fear,  must  be  as  unfavor- 
^le  as  of  his  invention;  yet  it  has  received  high  praise  in  various 
quarters;  and  although  its  admirers  are  not  the  best  sort  of  admirers, 
e  doubt  not  their  panegyric  has  been  accepted  by  Mr.Williams  aa 
good  sterling  praise,  and  will  probably  render  distasteful  any  more 
discriminating  analysis.  Indeed,  the  expectations  of  any  author  who 
>a  once  tasted  of  popular  applause,  are  by  no  means  easily  satisfied, 
Dpon  his  first  appearance  before  the  tribunal  of  public  opinion,  ha 
)rill  generally  he  content  if  he  escape  without  censure;  but  his  ex- 
pectations rise  with  his  success,  and  the  judgment  he  would  at  first 
e  accepted  with  joy  and  gratitude,  he  will  speedily  come  to  look 
upon  as  prejudiced  and  disparaging.     Upon  any  person,  indeed, 

jrominently  before  the  public,  a  word  of  disapprobation  falls  with 

prodigiously  increased  weight :  so  long  aa  he  remains  in  obscurity, 
reproof  is  unattended  with  disgrace  because  it  is  necessarily  un- 
ritnessed,  but  the  crowd  he  brings  around  him  by  his  triumph,  if 
^  adds  to  the  brilliancy  of  success,  fearfully  aggravates  the  penalties 
if  failure.  Every  voice  which  swelled  the  measure  of  his  fame 
rill  add  to  the  ignominy  of  his  degradation ;  and  a  measure  of 
praise  which  would  have  exceeded  the  hopes  of  his  earlier  ambi- 
1  will  now  only  suggest  humiliating  ideas  of  his  unfitness  for 
■he  portion  he  has  so  incautiously  usurped,  and  the  derision  and 
disappointment  his  incapacity  has  excited. 

An  inquiry  into  the  phenomena  attendant  upon  the  combustion 
if  coal  divides  itself  into  two  parts.  First,  The  determination  of 
the  chemical  constitution  of  the  coal ;  and,  Second,  The  determina 
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tion  of  the  quantity  of  air  requisite  for  the  combustion  of  its  C( 
atituenta.  Mr.  Williams  Las  gone  into  both  of  tbeae  subja-ts  at 
I  onsiderable  length.  He  has  given  ns  a  compilation  of  aulhoritiea 
showing  what  the  chemical  composition  of  different  species  of  coal 
18,  and  has  favored  us  with  several  chapters  and  a  multitude  of 
diagrams  to  point  out  that  carbon  and  hydrogen  combine  wilh 
oxygen  in  definite  proportions.  In  the  whole  of  these  most  ingeni- 
ously constructed  chapters,  there  is  not  a  single  remark  of  the  leiat 
worth  or  moment;  and  in  the  whole  length  and  breadth  of  the  book 
there  is  nothing  new,  except  its  errors  and  the  magisterial  solem- 
nity with  which  the  most  trite  and  insignificant  truths  are  repro- 
duced and  paraded.  Indeed,  Mr.  Williams  seems  very  fond  of 
burning  his  gas  in  the  blaze  of  noon-day.  He  devotes  pages  to 
prove  self-evident  propositions,  and  takes  infinite  pains  to  convinoe 
sceptics  of  things  nobody  ever  thinks  of  doubting.  He  continually 
epeaka  of  atoms  as  if  he  himself  had  found  them  out,  and  as  if  an 
introduction  to  so  difficult  a  theme  inspired  extraordinary  trepida- 
tion ;  as  in  page  40,  for  example  where  he  encouragingly  tells  us 
"not  to  fed  alarvied  at  this  introduction  to  elementary  atoms  and 
chemical  equivalents."  In  pages  27,  et  seq.,  the  discovery  is 
announcL'd  to  us,  that  when  fresh  coal  is  thrown  upon  a  fire,  the 
fire  is  afterwards  not  quite  so  hot  as  before ;  in  pages  28  and  29, 
we  are  assured  that  heat  is  necessary  to  expel  gas  from  coals;  in 
page  35,  that  a  combustible  as  well  as  a  supporter  are  inliiapen^ 
able  to  combustion ;  and  in  page  37,  that  the  combustion  of  gas  is 
accomplished,  "not  by  its  combination  with  the  air,  as  is  the 
vulgar  and  dangerous  notion,  but  with  the  oxygen  of  the  air— lliB 
supporter  of  flame — ^the  beat-giving  constituent  of  the  air."  In 
page  91,  we  are  told,  "Without  sufficient  time,  nothing  short ofa 
miracle  could  satisfy  the  required  extent  of  diffusion.  Nature, 
however,  does  not  operate  by  miracles,  but  by  defined  laws  ana 
progressive  means ;"  and  in  page  129,  we  are  assured  that  combus- 
tion cannot  take  place  without  air;  "that  providing  heatisnc* 
providing  air,  neither  is  decomposition  combustion."  In  page  Hi 
we  are  told  that  Sir  Humphrey  Davy  was  an  eminent  man;  inpags 
20,  that  Dr.  Faraday  is  the  first  electrician  of  the  day ;  and  in  pag« 
41,  that  John  Dalton  is  a  writer  of  merit.  At  page  70  commences 
a  chapter  of  30  pages  for  the  purpose  of  pointing  out  that  as  it  is 
oxygen  which  S'lpports  tha  combustion  in  a  furnace,  the  air  sup- 
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piled  to  the  furnace  must  not  liave  been  deprived  of  its  oxygen 
previously,  else  it  will  not  do ; — for  thus  wisely  and  thus  learnedly 
argues  this  philosopher,  "  If  oxygen  be  not  present  in  the  air,  how 
can  it  otherwise  ba  obtained  7  How  can  we  effect  a  union  with  a 
thing  which  is  not?" 

In  extenuation  of  the  marvellous  superficiality  of  this  gentle- 
man's treatise,  it  may,  perlmps,  be  urged  that  he  wrote  not  for 
Rcientific,  but  for  practical  men,     This  argument  mighty  perhaps, 
have  some  weight  if  by  practical  men  were  meant  our  working 
boiler-smiths  and  bricklayers,  who  for  the  most  part  are  supposed 
to  know  as  rnueh  of  chemistry  as  of  the  (EHc  reduplication;  yet, 
even  in  this  case,  we  do  not  altogether  see  how  those  persona  should 
be  induced  to  read  this  book  more  readily  than  some  of  the  num- 
erous chemical  works  to  which  they  already  have  access.     Mr. 
"Williams,  however,  informs  us  that  he  does  not  address  himself 
to  so  unpromising  an  auditory,  but  to  those  by  whom  engineering 
Works  are  directed  and  designed.     'Are  then  our  bricklayer.>i  or 
J  boiler-makers  to  become  chemists?     No.     But  those  who  direct — 
e  who  assume  the  charge  of  teaching  them  to  construct  the 
lumerous  descriptions  of  furnaces  with  which  this  country  abounds, 
-ehould  be  masters  of  the  leading  principles  on  which  their  art  is 
,  and  the  success  of  their  oparation  depends,'  of  which  it 
nould  appear  they  at  present  know  nothing.     Thus  in  page  2,  Mr. 
V^iUioms  informs  us,  that  even  the  most  experienced  engineers 
low  very  little  about  the  boiler — in  page  3,  that  in  tlie  construo- 
n  of  boilers  engineers  are  without  any  fixed  principles  to  guide 
them — in  page  4,  that  he  has  watched  the  eftbrts  of  engineers  to 
arrive   at  some   degree  of  certainly,  that  he  has   perceived   the 
absence  of  any  intelligible  or  well-founded  principle  in  the  boiler 
'  —in  page  5.  that  instead  of  improvement  there  has  been  latterly 
I  Trtrogreasion.  and  that  well-established  houses  even  yet  know  very 
■"KUle  of  the  principles  of  perfect  combustion,  or  of  the  economy  of 
Vfiiet.     From  these  and  numerous  other  passages,  which  might  be 
Bint«d,  it  would  appear  to  be  this  gentleman's  doctrine  that  engineers 
■are  a  very  ignorant  and  stupid  race  of  persons ;  that  though  living  in 
KEngland  in  the  nineteenth  century  thoy  are  unacqaainted  with  the 
Mifflplest  and  most  familiar  truths  of  chemistry;  and  while  possessing 
^Hie  reputation  of  producing  those  miracles  of  ingenuity  which 
Hpry  their  fame  to  the  verge  of  civiliaation,  that  they  exist  in  a 

m      19 
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state  of  mental  stupor  wliicli  the  most  bssotted  Turk  could  acarc^j 
hope  to  emulate.  A  person,  indeed,  who  derived  hia  only  informatioii 
on  this  subject  from  Mr.  Charles  Wye  Williams,  might  imiigiDe 
our  mechanics  to  be  the  descendants  of  some  barbarian  horde  rm 
whom  a  hereditary  curse  rested,  dooming  them  to  an  eternal  de- 
gradation ;  who  remained  rude  and  untutored  even  in  the  ceiitris 
of  civilization,  and  whom  the  flame  of  science  could  neither  melt 
nor  quicken,  nor  the  lessons  of  experience  inatniet  It  is  not 
astonishing,  therefore,  that  Mr.  Williams  should  speak  with  mneh 
confidence  and  coolness  of  the  absurdities  of  the  practice  of  our 
engineers,  which  in  pages  34,  72,  73,  74, 127,  and,  indeed,  ic  almost 
every  page  throughout  the  volume,  he  most  industriously  exposes. 
He  takes  especial  care  to  make  manifest  the  shallowness  of  TredgoSd, 
and  the  erroneous  notions  of  Watt,  which  he  of  course  contrasts  with 
his  own  higher  skill  and  superior  illumination,  and  finding  hjm- 
Belf  unable  to  refute  what  they  do  say,  wisely  confines  his  refuta- 
tion to  what  they  do  Tiot  say.  In  page  134,  he  states,  'the  errone- 
ous view  of  the  combustion  of  the  gases  began  with  Watt;'  but 
after  handling  poor  Watt  very  severely  for  his  manifold  shortcom- 
ings, he  kindly  winds  up  in  the  following  patronizing  strain: 
'But  let  justice,  however,  be  done  to  Watt.  It  is  not  bis  fault  that 
the  errors  he  coTnmitted  should  continue  to  be  reiieatcd,'  which 
our  present  engineers  are,  it  appears,  wrong-headed  enough  to  da 
The  following  epithets  are  therefore  unsparingly  applied  to  the 
practice  of  those  obdurate  persons:  'erroneous,'  'lamentably  errone- 
ous,' 'neglect  of  chemistry,'  'notable  instance  of  neglect  of  chem- 
istry,' 'abortive  attempts,'  'great  practical  and  chemical  error,' 
'palpable  oversights,'  'unsound  principles,'  'chemical  blunder,' 
'utterly  at  variance  with  chemical  propriety,'  and  a  host  of  other 
equally  decorous  and  appropriate  expressions.  ITie  secret  of  all 
this  we  suppose  is,  that  Mr.  Williams  plumes  himself  not  a  little 
upon  the  smattering  of  chemistry  he  appears  to  have  acquired,  and 
in  the  simplicity  of  his  heart  imagines  that  because  our  leai.ltng 
engineers  do  not  think  it  consistent  with  their  dignity  to  become 
lecturing  itinerants,  or  to  he  eternally  flashing  their  attainments  in 
the  eyes  of  ignorant  spectators,  they  know  nothing  of  the  most 
familiar  scientific  truths,  and  pay  no  regard  to  them  in  their  prac- 
tice. If  Mr.  Williams  could  only  see  himself  as  he  is  seen  by 
others,— if  he  could  only  perceive  the  ridicule  he  draws  upon  him- 
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self,  by  harping  everlastingly  about  chemical  principles,  and  chem- 
ical blunders — and  which  we  can  assure  him  raises  the  secret 
laughter  of  even  the  most  favorably  aflfected, — he  would,  we  are 
sure,  gladly  retire  into  the  obscurity  for  which  Providence  mani- 
festly designed  him,  and  leave  the  contention  for  distinction  to 
those  who  have  something  better  to  offer  as  credential  than  a  flood 
of  scientific  jargon,  or  the  pitiful  pedantry  of  a  boiling  empiric. 

J.B. 


EXPLOSIONS :  iN  ISVESTIOATIOS  INTO  SOME  OF  THE  CArSES 
PRODUCISG  THEM,  AND  INTO  THE  DETEBIORATIOS  OF  BOILERS 
GENERALLY. 


How  to  obtain  sufficient  strength  to  resist  the  disruption  of  the 
materials  of  which  boilers  are  composed  is  one  of  the  princip*! 
considerations  uaaally  advanced  in  investigations  respecting  boiler 
explosions.  Sstting  this  topic  aside,  for  the  present,  and  dismissing 
the  discussion  of  theories  of  explosions,  we  shall  endeavor  to  col- 
lect here  the  practical  results  of  the  most  uniform  experience 
relative  to  the  explosions  of  boilers  which  are  imputable  to  com- 
mon causes. 

We  shall  also  examine  such  experiments  as  illustrate  the  proper 
forma  and  dimensions  of  boilers  in  common  use,  and  shall  recap- 
itulate the  principal  sources  of  weakness  arising  from  ordinary 
tear  and  wear,  from  improper  management  and  from  other  usnal 
incidents  in  practice. 

AMERICAN   EXPERIMENTS  ON   ESPL0SION3. 

The  most  authentic  illustrations  of  the  inferior  limit  of  tbe 
thickness  of  metal  proper  for  boilers,  are  two  experimental  ex- 
plosions purposely  produced  in  the  course  of  a  series  of  rery 
important  investigations,  undertaken  by  a  committe  of  the  Frank- 
lin Institute  of  the  State  of  Pennsylvania,  at  the  request  of  the 
American  House  of  Representatives,  for  whom  the  report  of  these 
experiments  was  first  published  in  America  in  1836. 

The  immediate  object  of  the  two  experiments  in  question  was 
"to  observe  accurately  the  sort  of  hursUne/  produced  by  a  gradual 
increase  of  pressure  within  cylinders  of  iron  and  copper."  ThU 
course  was  pursued  because  it  had  ^been  assumed  by  many,  and 
indeed  the  opinion  was  very  generally  entertained  in  this  ooimiry 
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i  Tell  as  in  America,  tbat  ruptures  produced  in  copper  boilera 
rould  not  bear  the  character  of  explosions,  but  that  a  mere  rending 
rould  take  place,  giving  an  easj  escape  to  the  contents.  In  pur- 
e  of  this  investigation,  two  cylinders  were  preparetl  of  snoh 
■  size  as  it  was  thought  would  make  a  small  thickness  of  material 
'■flluatrate  the  question,  "by  rending  at  a  pressure  which  was  easily 
attainable." 

In  this  respect  the  committee  would  have  found  less  dif- 
ficulty if  they  had  made  the  boilers  of  a  larger  diameter;  for  it 
appears  they  really  bad  considerable  trouble  in  causing  tlie  boilers 
to  explode  at  all.  However,  they  did  at  last  succeed,  and  the  re- 
sults afforded  a  direct  answer  to  the  question  between  iron  and 
copper,  proving  the  entire  want  of  foundation  for  the  opinion 
which  asserted  the  superior  safety  of  the  latter.  Collaterally, 
also,  those  results  afford  good  grounds  for  the  first  step  of  a  general 
inquiry  inw  the  causes  of  the  explosions  of  boilers. 

EXPERIMENTAL  EXPLOSION. 

The  iron  boiler  used  in  this  experimental  explosion  was  cylin- 
rical,  ten  inches  long  by  eight  and  a  half  inches  diameter,  and 
■ie-fi(tieth  of  an  inch  thick,  with  ends  one-twentieth  of  an  inch 
kick,  to  which  the  curved  portion  was  fixed  by  rivets,  nearly 
inching  each  other.  A  single  opening  in  one  of  the  ends  of  the 
oiler  admitted  the  water,  which  was  then  furnished  with  a  screw, 

0  with  a  tube  and  piston,  connected  with  a  small  spring- weighing 

ichine, 

"  Upon  the  cylinder  of  thia  machine  a  ring  was  placed,  which 


B  movable  along  the  cylinddl-  by  a  slight  pressure ;  thb  ring  was 
1  towards  the  end  of  the  cylinder  nearest  to  the  boiler  head. 
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fi3  tte  spring  was  bent,  and  remaining  in  its  place  as  the  sprS^ 
relaxed,  sorved  to  register  the  maximnin  pressure  to  whicli  tie 
piston  had  been  exposed  previous  to  observing  it."* 

The  small  iron  boiler  thus  prepared  was  half  filled  with  walw, 
and  placed  on  a  charcoal  fire,  and  the  steam  got  up ;  bat  owing  W 
a  leak  in  the  riveting,  the  steam  escaped  so  fast,  that  the  operalora 
were  unable  to  burst  the  boiler  on  the  first  trial.  The  boiler  wss, 
however,  replenished  with  water,  and  set  lower  in  the  fire,  which 
was  again  urged,  when,  at  last,  with  some  difficulty,  an  explosion 
was  produced. 

So  little  dependence  can,  in  general,  be  placed  on  the  relations 
made  by  witnesses  of  accidental  explosiona,  and  so  rarely  have 
explosions  been  intentionally  made  for  the  purpose  of  illustratijig 
this  question,  that,  for  the  sake  of  accuracy  in  preserving  all  relii- 
ble  facts,  the  difterent  members  of  the  committee  simultaneously 
addressed  their  attention  to  the  different  circumstances  which  W 
to  be  observed  at  the  time  the  explosion  took  place, 

"  Part  of  the  committee  were  engaged  in  observing  the  progress 
of  the  experiment  at  this  moment.  The  fire  was  near  the  raitWle 
line  of  the  boiler,+  burning  not  strongly  near  that  line,  hut  yen 
rapidly  below  the  boiler ;  the  steam  issued  freely  through  the  leak 
before  alluded  to,  and  the  whistling  sound  which  it  produced,  aol 
which  had  increased  gradually  in  strengtii,  as  the  experiment  pro- 
gressed seemed  constant.  The  length  of  time  during  which  the 
steam  had  escaped  showed  the  water  to  be  low,  and  induced  iku 
supposition  that  a  second  time  the  object  would  fail ;  when  sn 
explosion  occurred." 
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After  recounting  the  incidents  of  this  case  of  artificial  explo- 
sion, I  shall  now  proceed  to  describe  some  of  the  cases  of  n^ 
explosion  which  have  occurred  in  practice.  One  of  these  oases  is 
that  of  an  explosion  which  took  place  several  years  ago,  by  ths 
bursting  of  a  small  cylindrical  boiler,  of  about  three  feet  in  ilii- 


*  See  tb?  original  Report,  pnge  66. 

t  Ab  the  bailer  rested  horiiontall;  in  the  Gre.  knd  was  half  GUed  nlth  itiin. 
IIiIb  middle  line  aod  the  water  sorface  would  nearl;  coincide. 
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leler,  used  for  the  purpose  of  working  a  six-horij  nou-coadea- 

log  engine,  at  a  prissure  of  60  lbs.  pjr  Square  inoli.     Il  bad 

)  m/el If- valves,  each  of  about  a  square  inch  area,  and  both  were 

ited  to  be  in  full  action  at  the  time  the  explosion  took  place, 

joramenced  blowing  off  steam  a  few  minutes  before. 

t  The  result  of  this  explosion  was,  that  the  wrought-iron  end  of 

B  boiler  next  to  the  furnace  was  torn  away,  prineipally  by  split- 

;  the  angle-iron,  which  was  barely  three-eighths  of  an  inch 

pick,  and  thrown  more  tlian  twenty  yards  oft)  carrying  the  fireman 

:  or  seven  yards  of  that  distance,  who,  together  with  another 

lao,  was  killed  on  the  spot.     The  body  of  the  boiler  was  driven 

t  a  ooDtrary  direction,  through   both  the  external  walla  of  the 

ine-house,  one  nine  and  the  other  fourtjen  inches  thick,  at  the 

3  time  carrying  away  the  steam-engine  itself  several  yards  into 

Itfield,  at  the  other  side  of  the  building.* 
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\  Another  apparently  similar  kind  of  explosion  to  that  just  des- 

bibed,  took  place  in  Oetober,  1841,  at  the  machine  manufactory 
I  Messrs.  Elce  and  Cottam,  in  Jersey  Street,  Manchester.     This 

toiler,  like  the  previous  one,  was  employed  to  drive  a  six-horse 
Igh-pressure,   or   non-condensing  engine,  having   an   eight-inch 

ttlinder  and  a  two  feet  stroke,  working  usually  at  a  pressure  of 
Wm  26  to  36  lbs.  per  square  inch.  The  safety-valve,  which  was 
F  the  common  kind,  with  a  packed  spindle  atid  tluffi»ij-box,  was 

i^uated  by  means  of  a  Salter's  spring-gauge,  to  blow  off  at  40  lbs., 
lyond  which  pressure  it  could  not  be  screwed  down, 

!  This  boiler  was  a  cylinder  of  nine  feet  six  inches  in  length,  with 
t  ends,  three  feet  ten  and  a-half  inches  diameter.  It  was  made 
f  good  iron,  three-eighths  of  an  inch  thick  all  through,  and  had 
)en  some  few  years  at  work.  The  two  ends,  or  as  the  Americana 
1  them,  "  heads"  of  the  boiler,  were  braced  to  each  other  by  one 

"  This  eiplmioD  took  plnce  in  October,  1833,  at  a  snw-mill  in  CroBS-lane, 
isncheiter,  belonging  lo  Mr.  Ueort^e  Jones.  The  engine  and  boiler  were 
■Dlh  qaite  new,  having  ooly  worked  a  Tew  days,  allhongh  at  llie  time  of  Ihe 
kplo5JoD  the  engine  had  been  slopped  for  a  few  niina[i»  Tor  the  parpoee  or 
■lifjiutiDg  k  strap  oD  the  muchiaerj'. 
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longituiiinal  wrought-iroa  stay-bar  through  the  centre,  a\ 
each  end  by  a  wroiight-iron  strap  and  cotter.  It  ivaa  tlie  giving 
way  of  thia  strap,  against  which  the  cotter  was  driven,  througb  a 
slot  in  the  atay-bar,  in  the  uanal  manner  adopted  for  low-preasiiro 
wagon-boilers,  which  was  the  immediate  cause  of  the  explosion. 
The  strength  of  the  iron,  however,  at  the  place  of  fracture,  when 
examinetl  by  goud  judges,  was  pronounced  to  have  been  eapabie 
of  resisting  a  pressure  on  the  end  of  the  boiler  of  at  least  100  Iba. 
to  the  square  inch. 


STICKING  OF   SAFETY-VALVES, 


That  the  support  above  mentioned  should  have  given  way  wben 
the  safety-valve  was  free  to  open  at  40  lbs.  per  stjuare  inch,  or  leas 
than  one-hall'  the  pressure  that  it  was  proved  to  be  thoroughly 
able  to  sustain,  is  one  of  the  anomalies  we  are  so  frequently  ^lfle^ 
ing  with  in  these  investigations.  I  would  here  call  attention  lo 
thia  point ;  because  nothing  would  be  easier  than  to  make  sliort 
work  of  such  cases,  by  saying  that  the  safety-valve  must  cither 
have  "  stvck  or  jajnmed,"  or  otherwise  must  have  had  addilioiuu 
weight  put  upon  it  at  the  time.  This,  in  fact,  was  the  conclusion 
ootne  to  by  three  practical  engineers  of  the  highest  eminoace,  who 
agreed  to  deliver  to  the  coroner's  jury  a  joint  report,  on  this  case. 

This  slichlng  and  jamming  of  safety-valves,  ia,  in  any  case  what- 
ever, so  extremely  improbable,  that  a  resort  to  tliis  explanation, 
without  actual  proof  of  its  existence,  is  much  to  be  reprohendal. 
In  this  particular  case,  it  is  true  the  safety-valve  was  found  broken 
off  and  blown  to  a  considerable  distance,  having  its  spindle  some- 
what bent,  and  it  had  been  wrapped  with  a  certainly  improper 
packing  of  hemp ;  but  even  if  the  bending  of  the  ^indle  hstl 
lieen  done  previously  to  the  explosion  (which  was  in  the  highest 
degree  improbable),  the  "  sticking"  thereby  created  in  the  packing, 
could  not  have  added  many  pounds  per  square  inch,  to  the  resist- 
ance offered  to  the  free  escape  of  the  steam.* 


"  I  feiir  that  it  \»  difficult  to  ea;  wimt  amount  of  force  is  sufficicril  to  niwi  I 
iari'ly-Vtttra  whose  Bpi>»llB   is  beiil,  ami  therefore   1   would  suggest   ihal  J^ 
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Not  a  mucb  better  stalking-horaa  than  thie  universal  sticking 
point  is  the  criminal  overloading,  or  "  making-fasC  the  safety- 
valve.  Any  imputations  of  thia  kind  without  the  most  clt'Jir  and 
positive  evidence,  both  direct  and  oircumat;intial,  is  simply  begging 
the  w-hole  question.  There  is  very  rarely,  exeept  in  the  case  of 
locomotives,  any  inducement  to  do  any  thing  of  the  kind,  but  very 
frequently  the  contrary,  as  was  very  likely  to  be  in  the  case  before 
US,  For  the  engine  had  not  started,  and  from  the  proved  careful 
habits  of  the  enginenian  who  was  killed  by  the  explosion,  it  is 
much  more  probable  that  he  opened  or  eased  the  safety-valve,  by 
removing  ail  or  part  of  the  load  upon  it,  and  ray  firm  conviction 
was,  at  the  time,  that  he  did  so,  and  that  the  boiler  blew  up  on  the 
instant,  or  in  a  few  seconds  afterwards, 

DEFICIENCY  OF  WATER, 

In  the  Jersey-street  boiler,  as  well  as  in  that  at  Cross-lane,  might 
be  seen  di-stinct  traces  of  the  waler  having  Ixien  too  low.  There 
were  certain  marks  left  by  the  sedimentary  deposits  all  around  the 
interior  of  the  boiler,  showing  the  liigh  and  low-water  marks. 
These  indelible  water  lines  gave  evidence  unmistakable,  that  the 
^■ater  had  been  too  low.  Since  my  attention  was  first  directed, 
many  years  ago,  to  these  peculiar  high  and  low  water  deposit 
marki!,  I  have  personally  inspected  the  internal  condition  of  many 
hundreds  of  steam-engine  boilers,  and  I  have  missed  no  opportunity 
of  testing  the  accuracy  of  these  indications  of  water-level,  by  a 
reference  to  other  well  ascertained  facta,  and  have  found  that 
mutual  accord  which  was  to  have  been  expected. 

In  the  Jersey-street  boiler,  some  of  the  most  distinct,  and  pro- 
bably the  most  recent  of  those  water-marks  were  within  twelve 
inches  of  the  boiler  bottom,  at  which  point,  and  at  least  an  equal 
distance  below  the  proper  level,  it  is  extremely  probable  the  aur- 

memiDre'  be  not  Eiasigoed.  "  I  koow  a  very  aerjoua  case  of  rupture  of  a,  neur 
baiter,  attended  with  loM  of  life,  wblch  was  solcljattribtiuble  to  a  bent  ipiiidle.io 
my  opinion,  •  •  •  but  I  ranat  confeas  Ihut  thjacoiiclasion, — mine  na  nell 
aa  joura,  being  mailer  of  opinion,  aimplj — Diight  be  takeu  iudiOurenlly,  accor- 
ding to  the  notion  of  the  reader. 

'■  i  ngree  with  yov  that  '  atickhnj'  of  Bafety-valveB,  properly  %o  called,  ia  ei- 
trcmclj  improbable," 
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face  of  the  water  was,  whea  the  exploaion  took  place.  Note,  it  it 
h  a  deficiency  itf  water  to  this  ertmt,  combined  with  a  sudden  opening 
of  t/ie  safttij'Valve,  causing  a  rapid  ti>uUilion,  and  a  spreadimj  of  the 
water  over  the  auperlteated  side  of  the  boiler,  tfiat  I  princijfi^h/  atlri- 
bute  t/i(frtq>ieney  of  exphsiima. 

COMPARrSON'   OF   THE   AMERICAN   EXPERIMENTAL   ESPL0SI01I^^| 

WITH    ACCIDENTAL    EXPLOSIONS.  ^H 

"We  may  now  return  to  the  American  experiments,  with  tfav 
advantage  of  the  illustrations  afforded  by  the  two  Manchester 
explosions,  in  which,  in  the  words  of  the  committee,  the  "sort  nf 
bursting"  produced  in  each  case,  was  precisely  of. the  same  kind. 

In  the  American  report,  speaking  of  the  iron  boiler,  it  is  stated 
tliat  "  the  explosion  tore  off  one  of  the  heads  b  c  (Fig.  95,)  of  the 
cylinder,  projecting  the  other  parts  of  the  boiler  iu  an  opposiw 
direction,  carrying  with  them,  a  portion  of  the  distance,  the  iron 
cylinder  forming  the  furnace,  and  scattering  the  fiiel  in  every 
direction. 

"The  report  attending  the  explosion  resembled  that  from  a 
small  mortar  fifflly  charged ;  the  steam  mixed  with  the  smoke  wm 
not  considerable  in  quantity,  and  few  marks  of  water  were  to  be 
seen.  The  lioiler-head  was  thrown  fifteen  feet,  the  boiler  awl 
spring  register  about  six  feet,  and  the  furnace,  weighing  about 
forty-five  pounds,  was  overturned  and  carried  four  feet.  ITifl 
pressure  indicated  by  the  register  was  eleven  and  one-fourth  atmo 
spheres,  (about  154  lbs.  per  square  inch.) 

"  In  examining  the  boiler,  it  appeared  that  the  head  6  whick 
was  thrown  of^  had  fir.st  struck  against  the  iron  furnace,  wbiei 
had  deflected  it  outwards;  this  is  shown  by  the  indentation  e  in 
the  figure.  This  head  was  forced  oft'  all  around,  in  the  line  of 
rivets  which  attached  the  head  to  the  boiler,  the  metal  remainiiig 
between  the  rivets  being  less  than  the  space  occupied  by  them." 

The  accompanying  Fig.  (96)  will  give  an  accurate  idea  of  the 
appearance  of  the  boiler  after  ita  rupture. 
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LOSS   OF    WATER   BY   BLOWISQ    OFF    AND    LKACAGE. 

The  committee  then  goes  on  to  give  the  details  of  an  experi- 
lent  with  a  copper  boiler  of  the  same  diameter,  and  of  similar 
■construction,  whitih  was  exploded  by  a  pressure  supposed  to  be  of 
about  sixteen  atmospheres,  after  having  failed  in  the  first  attempt 
owing  to  leakage,  as  in  the  former  case.  The  sound  or  report  was 
stated  to  be  like  that  from  an  eight-inch  mortar.  The  copper  was 
torn  from  the  heails,  unrolled,  and  irregularly  bent ;  adhering  to 
heads,  for  only  a  short  distance,  as  shown  in  the  cut  (Fig.  96,) 
fmd  the  heads  were  bent  outwards.  The  thickness  of  the  copper 
it  the  line  of  rupture,  varied  from  '025  to  'OSS,  say  about  1-32  of 
m  inch. 

Fig.  96. 


The  description  of  the  above  carefully  recorded  experimental 
explosions,  shows  that  the  steam  was  allowed  to  rise  gradually,  in 
both  cases,  until  the  boilers  gave  way.  Tliis  gradual  and  ehw  in- 
crease  in  the  pressure  of  the  steam,  was  in  great  part  caused  by  Qia 
leaks  impossible  to  be  avoided  in  the  riveting  of  svck  very  thin  boilert ; 
B  circumstance  which  enables  us  to  compare  these  experimonta 
with  other  experiments  at  boilers  under  different  circumstances, 
but  in  very  similar  conditions  aa  to  leakage  of  water  and  steam, 
which  we  so  frequently  meet  with  in  ordinary  practice.  A  not 
very  disdmilar  condition  is  that  of  the  continued  escape  of  steam, 
ifrom  the  Bofety-valve  or  otherwise,  and  the  consequent  loss  of 
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water  daring  the  time  an  engine  13  standing,  and  the  foTOe-puiap 
not  at  work,  such  as  has  been  already  described  in  speaking  of  thi2 
Cross-lane  explosion.  Another  instance  is  the  ease  of  a  locomo- 
tive when  running  on  a  railway  with  the  steam  either  blowing  off! 
or  being  continually  consumed  by  the  engine  at  a  pressure  or 
strain  upon  the  iron  very  muoh  greater  than  either  of  the  Man- 
chester explosions  we  have  described,  but  with  this  important 
difference,  that  while  the  locomotive  ia  running,  the  full  supply  of 
wfttar  is  easily  kept  up.  In  nearly  all  explosions  of  locomotives 
that  have  hitherto  occurred,  which  have  been  very  few,  and  of  these 
only  a  very  small  number  have  taken  place  while  the  engine  was 
running,  there  has  been  always  good  reason  for  assuming  a  defic- 
iency of  water  in  the  boiler. 

There  is  another  condition  that  admits  of  a  comparison  with  the 
American  explosion,  and  which  is,  perhaps,  the  most  important  of 
any  yet  enumerated.  It  is  the  condition  of  an  ordinary  stationary 
boiler  when  the  water  surface  is  allowed  to  become  too  low  from 
unseen  leakages  at  the  lower  part  of  the  boiler  at  certain  times 
when  the  engine  is  standing,  and  consequently  the  feed-pump  not 
at  work.  It  will  be  well  to  bear  all  particulars  of  frequent  undus 
leakage  in  mind  for  future  application,  as  they  have  an  important 
bearing  on  the  general  subject  of  boilers  in  other  respects  besides 
those  above  named,  and  they  have  been  entirely  overlooked  by 
the  American  committee. 

It  appears  that  both  the  American  boilers  exhibited  proofs  of 
ihe  water  having  been  too  low  at  the  moment  of  explosion. 
Speaking  of  the  copper  boiler,  the  report  says: 

"  The  marks  of  the  sediment  remained  in  the  boiler,  and  ii 
cated  that  the  water  was  about  an  inch  deep  when  the  1 
exploded."  Much  more  steam  being  formed,  and  more  water  le 
at  the  moment  of  explosion,  in  the  copper  than  in  the  iron  boilen 
[t  was  also  observed  that  the  steam  increased  "  more  rapidly  as  tha 
quantity  of  water  diminished,"  and  the  committee  add  the  follow- 
ing remark  as  a  conjecture : 

"It  is  possible  there  may  be  a  relation  bel'oeen  the  space  otxtipiedhy 
tfa  water  and  thai  in  which  l/ie  steam  is  formed,  most  favorable  to  iA* 
production  of  steam,  and  wlien  this  was  attained  a  rapid  rise  of  cha- 
ticity  took  place." 

It  ia  much  to  be  regretted  that  no  further  experiments  were  in- 


plosion.      J 

ndind^l 
>  boilflH 
iter  left,      1 


Btitme^^Me  direction  of  this  sagacious  suggestion.  The  com- 
mittee, however,  were  under  the  necessity,  from  the  nature  of  their 
instructions,  of  investigating  some  particular  averments  of  Mr. 
Perkins,  together  with  some  episodical  refinements  that  seemed  to 
have  little  connection  with  the  great  facts  they  were  in  quest  of. 
In  reading  tlie  above  passage  iu  italics,  in  the  report,  and  knowing 
that  this  branch  of  the  inquiry  ended  there,  it  ia  difficult  to  help 
lamenting  that  it  is  as  if  Columbus  hatl  turned  back  when  he  wna 
within  sight  of  land. 

Nothing  remarkable  occurred  previous  to  the  instant  of  the  ex- 
plosion of  the  copper  boiler,  and  the  members  of  the  committee 
employed  in  the  experiments  were  engaged  in  observing  the  boiler 
at  the  instant  it  exploded.  When  "  a  dense  cloud  of  smoke  and 
flame,  capped  by  steam,  rose  from  the  pit,*  the  stones  and  combus- 

•  Expiation  at  Erookes'a  Flax  Milt.  Bolton.  July  1.  1814.— Allhoiigh  some 
or  the  coiiclusiniis  arrired  at  in  Ibe  American  report  may  admit  or  exception, 
CTidciicce  tending  to  corroborate  the  general  accuracy  or  the  comniittee'?  ob- 
Eerrations  ought  not  to  be  withheld.  So  far  as  two  or  three  instances  of  ex* 
ploeioriB  i;o,  I  have  had  un  opportunity  of  witnessing  those  appearance^,  which, 
to  my  mind  at  least,  confirm  the  description  given  hy  the  committee.  As  one 
example,  I  may  refer  to  the  explusion  of  a  large  boiler  at  tbe  flux  spinning- 
mill  belonging  to  the  late  John  Brooken,  Ksq.,  in  Little  Bolton,  Lancashire, 
which  I  personally  witnessed,  at  the  dialnnce  of  abont  three  hundred  yards 
from  the  mill,  to  which  I  was  then  on  my  way  when  the  accident  took  place. 

Fir>it.  a  colantn  of  dust  aro-ie  to  a  considerable  elevation,  in  which  some  of 
the  timbvrs  of  the  roof  of  the  building  which  enclosed  tbe  boiler  were  seen 
fljing  in  different  directions.  Then  arose  a  cload  of  smoke,  which  spread  out 
above  in  a  large  black  caiiopy.  Through  this  a  column  of  Btenm  and  water 
shot  up  to  a  very  great  height,  which  dispersed  in  moderately-large  drops,  like 
B  shower  of  rain,  in  the  direction  of  the  wind,  and  to  the  distance  of  abont 
foar  or  five  hundred  ynrds  from  the  mill.  At  the  same  time,  as  a  ciihimn  of 
steam  continued  rising  from  another  boiler  in  connection  with  and  nearly  ad- 
jiiining  the  one  that  burst,  for  about  half  a  minute,  and  as  the  lower  part  of 
tbe  cloud  of  smoke  and  dust  began  to  clear  away.  Ramea  commenced  making 
their  appearance,  arising  from  a  high  building  adjoining  that  which  had  been 
blown  up  along  with  the  boiler, — ^and  which,  in  fact,  as  I  afterwards  found,  had 
been  set  on  fire  by  the  barning  coals  from  the  furnace  of  the  exploded  boiler 
being  driven  in  through  the  windows  of  the  lower  story  of  the  building. 

The  boiler  was  of  the  wagon  form,  about  27  feet  long  by  9  feet  wide,  and   10 

feet  deep,  weighing  probably  about  IG  tons,  and  called  40-horse  power.     The 

viewer  portion,  reaching  np  to  the  top  of  the  side-lliies.  about  three-fourths  of 

■tta  whole,  WM  thrown  in  a  single  mass  to  about  20  yards  from  its  seat :  while 
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tiblcs  were  widely  scattered,  and  tlie  boiler  was  tlirown  in  a  a 
mass  about  15  feet  from  tlie  furnace." 


lilh  the  Bieom-pipes,  Bafetj-vaJ.-e, 
to  a  greut  height,  and  fell  in  ihe 
at  an   elevatioo  of  more  tbun  19 


the  upper  or  Hemicircular  portion,  together 
Doxzles,  and  other  altachnieDla,  were  Ihrown 
adJDLiiiug   itreet.  the  ground  of  which  tvaa  i 
feet  above  the  level  of  the  seat  of  the  boiler. 

The  circnmBtance  in  which  this  Bolton  ejplosion  differed  Trom  those  in  liiB 
American  enperimeuts  ia  remurkuhle, — thai  is,  in  the  report  or  sonnd  pm- 
duced.  For  ir  the  report  prodaced  bj  the  boraliDK  of  a  rerj'  small  boiler,  tnf; 
ID  inches  long  bji  B  incku  in  diameler.vae  like  that  from  the  discharge  of 
M  ciuinon,  what  might  we  not  expect  from  the  eAploMon  of  a  boiler  27  feet  bj 
9,  or  about  !),00D  timea  larger  !  But  the  fact  is.  that  neither  myseir  nor  t 
friend  whom  I  woe  Id  conver^ulion  with  at  the  time,  heard  auj  rrport  of  that 
h'Jid  at  all,  but  only  a  rumbling  sound,  auch  as  might  be  supposed  to  iriH 
from  the  cracking  of  the  roof-timbera,  the  falling  of  the  bailding.  ind  th( 
blowing'oGf  of  the  Bteam  from  the  other  boiler,  which  had  been  workjni;  in 
coimcotion  with  the  one  that  exploded.  There  was  a  low,  contioned  runib!ia| 
noise,  as  described  by  some  who  were  nearer  to  tlie  scene  of  the  eiplmioa 
when  it  commenced,  bnt  it  was  certalnlf  not  loud,  and,  indeed,  fcareelf  Audi- 
ble to  us  at  the  distance  before  meudoned,  although  our  attentioo  wis  ptr- 
ticnUrlj  directed  to  the  cloud  of  dust  and  smoke  which  arose  from  the  oiill- 
It  being  not  a  little  remarkable,  also,  that  the  subject  of  our  cooversaliou  >t 
the  time  waa  the  deterioration  to  boilers  from  incnielation,  and  increasrd  Hi' 
bilir;  to  accident  from  working  higher  pressure,  which  had  then  recently  bna 
adopted  at  this  ver;  mill  on  account  of  attempting  to  work  the  engines  mord 
expansively  on  the  Cornish  system,  but  without  the  strong  Cornish  bollert, 
The  deslroclion  in  this  particular  case,  in  my  opinion,  being  greatly  increuwd 
by  usiug  Mr.  Williams's  patent  system  of  smoke- burning,  which  required  ibe 
keeping  of  a  thick  fire  (over  IB  inches),  and  a  stream  of  cold  air  passing  up 
behind  the  fire-bridge.  The  area  of  the  fire-grate  of  the  exploded  boiler  "U 
Oihout  60  sqnara  feet,  consequently  it  was  charged  at  the  time  of  the  explosion 
with  nearly  100  cubic  feet  of  burning  fuel.  The  effect  of  the  sodden  disp«^ 
aion  of  such  a  nia»s  of  fire  may  be  easily  conceived.  That  porllop  of  ibe 
boiler-bottom  which  extended  over  the  fireplace,  about  8  feet  square,  "u 
torn  right  across,  nearly  In  a  straight  line  from  side  to  side,  exactly  si  tbe 
position  of  the  bridge,  besides  being  ripped  np  on  one  aide  through  the  iwl" 
ing.plfltes,  and  across  the  front  end  at  the  angle  over  the  fire-door.  Tbni  ibi 
large  portion,  being  liberated  on  throe  sides  simultaneously,  it  was  doubltd 
back  on  the  other  sealing,  as  on  a  hinge,  or  like  the  flap  of  a  table,  therelij 
opening  out  a  hole  of  about  60  square  feet  in  area,  with  an  initial  presaareef 
steam  at  about  20  lb.  per  square  inch.  And  immensely  reinforci'd  as  tkL 
pressure  would  be  by  contact  with  the  burning  fuel  in  the  furnace,  it  ii  i»l 
ilifficnli  to  divine  the  great  force  of  the  explosion,  and  the  conseqaenl  4k^ 
^st^4as  results  that  followed. 
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I  This  copper  boiler  was  rent  in  the  manner  shown  in  t'nc  ligure 
),  giving  way  in  an  irregular  line  just  above  the  probabla 

rator-line  on  the  side  of  the  boiler,  but  not  conforming  to  it.  ITib 
lowest  points  of  the  two  heads  of  the  boiler  before  the  explosion 
prere  at  d  and  b  (see  fig.  96,  page  299). 


i 


CONTRARY     COSCLUSIOSS     DRAWN     FROM     THE     AMERIC.VN 
EXPERIMENTS. 

The  American  committee  conclude  their  remarks  on  these  ex- 
periments generally,  by  observing  that  "all  the  circumstancea 
attending  the  most  violent  explosions  may  occur  u-ilhoui  a  sudden 
increase  of  pressure  within  the  boiler."  This,  no  doubt,  is  true  as 
a  poMibiUly,  but  it  does  not  appear  to  me  to  express  correctly  the 
circumstances  usually  attending  explosiuns  in  practice.  The  com- 
mittee indeed  do  not  say  that  it  does  do  so,  but  such  a  conclusion 
id  a  nalnntl  inference  from  their  averments.  My  experience,  how- 
■er,  and  a  generalization  of  all  the  facts  which  have  come  under 
ly  observation  during  a  large  practice  in  boiler-engineering,  con- 


Mf  Gr«t  impression,  on  witn^  ssing  the  com  me  nee  men  I  of  the  scene  jnst  de- 
scribed, was  that  it  was  the  breaking  oat  or  a  Gre,  and  that  indeed  was  the 
general  impression  of  great  numbers  of  the  people  in  the  flrcets  of  Bolton 
»ho  were  making  their  waj  to  the  scene  of  the  catastrophe,  uiiiil  met  bj  tlie 
crowd  of  op*?rativea  rnshing  out  or  the  f<ateg  of  the  factors  vanl.  ni  iiiv  of 
them  cat  and  bleeding  from  the  effects  of  the  brokeo  glasa  windows  whldi  had 
been  driven  in  upon  the  workers  in  several  rooms  of  a  six-Btor;  building  situ- 
Ued  close  to  the  boiler  house.  It  was  through  these  windows  thai  ihe  bnrning 
coals  Tram  the  large  furnace  were  principallj  driven  which  set  on  Are  the  ma- 
chiiierj  inaide  the  mill,  where  ihe  consternation  and  rush  to  escape  was  very 
j|rml,  as  maj  easily  be  sapposed,  there  being  in  the  whole  factory  about  540 
^ople  employed  at  the  lime. 

F  Eespecting  the  pecniiar  Bounds  or  reports  produced  by  boiler  ejcplosions.  it 
tnay  be  staled  that  the  strangest  diacrepaneies  occnr  in  the  statements  of 
professed  eye  and  ear  witnesses  of  this  and  fimilar  expliwions.  For  instance, 
in  ibis  case,  more  ihan  one  parly  testified  to  having  heard  the  report  more 
than  two  ii'iles  off,  like  that  from  the  discharge  of  an  immense  piece  of  ord- 
nance. All  Ihe  London  papers,  true  to  ilicir  cimracter  of  eiaggeratora  of 
every  thing,  had  it  that  the  people  of  Bolton  were  snddenly  startled,  as  with 
%  lond  clap  of  thnnder ;  and  some  of  them  staled  thai  the  whole  iown  too* 
otarnied  ai  icith  an  earthquake  !~an  opinion  which  the  country  papers  also 
Ihe  London  newspaper  reports  reached  them,  K.  A. 
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duct  me  to  a  different  conclusion.  My  opiuion  is,  that,  in  ihe  mat 
violent  ".rplMions  Chat  have  occurred,  there  is  always  a  concuTrena  <)f 
circumstances  attending  them  which  show  tliat  a  sud-Ien  iucreoM  of 
pressure  witltin  the  boiler  has  taken  place,  either  at  or  immediately  l» 
fore  the  moment  of  explosion.  And  further,  that  without  such  con- 
current circumstances,  or  some  of  them,  the  explosion  would  not 
have  taken  place  at  all. 

COMPARISON   OF   CONCLUSIOSS. 

If  we  briefly  express  the  conclusion  of  the  committee  in  si 
terms  to  those  used  in  the  enunciation  of  our  own  theory  it  amoi 
to  this,  namely,  that  all  llie  cirawmstancea  calculalad  to  produet  a» 
exphsion  may  "occur"  without  an  explosion  taking  place.  While,  in 
opposition  to  this,  I  maintain  that  those  same  eircurastanees  cannot 
"occur"  simuUanmuslij  without  an  explosion  being  produced. 

Considering  both  these  conclusions  as  separate  propositions,  and 
one  or  the  other  to  be  proved  by  its  general  agreement  with  facts 
as  they  arise  in  other  cases  that  come  before  us,  we  may  begin  by 
taking,  as  an  instance,  the  first  experiment  with  the  iron  boiler  «a 
given  by  the  committee.  Here  there  can  be  no  doubt  that  all  the 
circumstances  which  they  considered  to  be  necessary  to  cause  an 
explosion  existed,  and  yet  no  explosion  took  place.  We,  howTrer, 
hold  that  no  sudden  increase  of  pressure  took  place,  and  therefore 
it  was  that,  in  the  first  instance,  no  explosion  ensued.  Thus  we 
see  that  one  of  the  most  important  circumstances  is  wanting. 
Let  us,  however,  see  what  all  the  facts  were,  by  which  circom- 
fitances  were  so  constituted  as  to  fail  in  producing  the  explo- 
sion. In  the  first  place,  the  boiler  was  without  a  safetv-valve, 
unless  the  leak  in  the  riveting  may  be  considered  as  having  tta 
effect  of  an  imperfect  one.  Secondly,  the  water  surface  was  pro%"«J 
to  be  considerably  below  its  proper  level,  and  therefore  the  upper  por- 
tion of  the  sided  was  exposed  to  the  risk  of  becoming  overheated. 

Now,  here  are  i'acts  constituting  two  predisposing  causes, — tlie  1 
shutting  up  the  steam  and  the  deficient  depth  of  water.  But  th* 
first  was  confessedly  imperfect,  the  leak  allomng  the  steam  to  bloif 
of^  from  the  commencement  of  the  experiment,  so  fast,  that  it 
could  not  be  raised  to  the  bursting  pressure,  even  graduallv, — iWf 
a  bad  illustration,  as  the  result  proved,  of  the  safely  of  a  hoJly 
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1  safety-valve,  or  one  in  bad  order,  not  tight.     And  tlie  other 

;,  we  may  also  show,  was  only  imperfectly  calculated  to  produce 

kn  ijicrease  of  steam-pressure,  in  the  only  way  that  such  a  thing 

1  be  conceived  to  be  possible ;  that  is,  by  the  water  left  in  the 

Baler  being,  by  some  impulse,  put  bodily  into  motion,  and  causeil 

I  flow  over  the  overheated  metal.     That  the  overheating  of  the 

nes,  to  some  extent,  took  place,  there  is  no  reason  to  doubt,  al 

lOugh  there  is  great  reason  to  doubt  that  the  quantity  of  water 

i  in  the  boiler  was  sufficient  for  overflowing  entirely  the  over- 

lated  part,  even  if  such  impulse  had  been  given  to  the  mass  of 

ter  as  would  have  arisen  from  a  slight  increase  or  enlargement 

rthe  leak,  and  which  a  little  increase  in  the  pressure  from  a  mora 

pid  production  of  3t.-'am  would  have  produced. 


COKCCBBEKCE   OF   CIRCUMSTASCE3  ATTESDISO  THE   FIRST 
EXPERIMENTAL    EXPLOSION, 


I  Now  let  us  .examine  what  changes  of  circumstances  were  made 

B  the  second  trial  with  the  iron  boiler,  when,  at  last,  an  explosion 

"occur."     The  report  states  that  the  boiler  was  "replenished 

sh  water,"  and  we  may  safely  infer  that  it  would  not  be  scantily 

pleniehed,  seeing  the  committee  considered  the  previous  deficiency 

■  be  the  cause  of  the  failure  of  the  first  experiment,  or,  at  least, 

I  cause  of  its  requiring  to  be  repeated.     Then  the  boiler  was 

etded  lower  into  Ike  fire,  which  was  again  urged,"  and  the  whis- 

[  sound  of  the  steam  through  the  leak,  which  before  had  in- 

"  seemed  constant."     Soon  after  this,  the  explosion  took 

Here  we  cannot  fail  to  remark,  that  the  two  main  circumstances, 

Utributing  to  bring  about  the  explosion,  the  pressure  and  the 

r  water,  were  present  in  the  same  degree,  or  nearly  so,  as  on  the 

;  trial ;  although  the  pressure  might  be  a  little  higher,  and 

refore  calculated  to  produce,  as  it  certainly  did  produce,  an 

•gement  of  the  leak  or  fracture  in  the  riveting;  which  enlarge- 

mt,  in  its  turn,  became  the  third pr  (Khtaling  circumstance,  which, 

mrring  with  the  other  two,  caused  the  explosion  of  the  boiler 

■take  place  on  the  second  trial. 

e  reader  who  has  followed  me  thus  far  will  ao-x  le  in  a  posi- 
20 
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lion  to  enable  him  to  make  a  practical  application  of  thia  reasoning 
to  tlie  c^tse  in  hand. 


PRACTICAL   APPLICATION'   OF    PRECEDING   PRINCIPLES, 

Settling  the  boiler  "  lower  into  the  fire,"  besides  raising  lb'' 
pressure  of  the  steam  higher  in  the  same  time,  would  also,  from 
the  increased  expansion  of  the  overheated  plates,  tend  to  diminisK 
the  leakage,  thus  diminishing  the  waste  of  water  and  lowering  the 
water-level  more  slowly,  consequently  giving  more  time  for  tho 
sides  to  acquire  an  undue  degree  of  heat  from  the  nearer  proximity 
of  the  fire. 

The  proved  effects  arising  from  overheating  the  sides,  or  other 
parts  of  a  boiler,  to  a  temperature  of  from  400°  to  500°,  are  now 
well  known  to  be — first,  the  repulsion  of  the  water  from  the  over- 
heated surface,  producing  a  decreased  amount  of  steam ;  but  imme- 
diately afterwards,  aa  the  temperature  of  the  metal  is  reduced 
down  to  the  point  of  maximum  vaporization,  or  a  little  bclo» 
400°,  by  any  thing  caitsimj  (he  toater  to  flow  over  the  overheoiti 
parts,  a  sudden  and  greatly  increased  production  of  3team.  Now, 
hod  there  been  a  safety-valve  attached  to  this  experimental  boiler, 
and  had  it  been  suddenly  opened  either  by  the  pressure  of  lis 
steam  or  by  design,  this  flowing  of  the  water  over  the  aides  would 
have  taken  place,  according  to  the  theory  here  enunciated,  fn- 
cisely  in  the  same  manner  as  it  was  in  reality  produced  by  a  *t«ifcii 
enlargement  of  the  leak  or  defect  in  the  riveting ;  and  from  which 
the  rent  or  rupture  of  the  whole  boiler  might  have  procecdM 
instantaneously.  The  enlargement  of  the  leak  in  this  case,  which 
a  slight  increase  of  pressure  was  aufEcient  to  effect,  may  in  lie* 
be  compared  to  the  pulling  of  the  trigger  of  a  gun  overcharged, 
and  ready  to  go  off.  Thus,  also,  according  to  my  views,  a  gooil 
safety-valve,  if  brought  into  action,  would  have  accelerated  the 
explosion  of  this  boiler,  or  rather  have  caused  it  to  take  l>!«« 
during  the  first  trial.  The  opening  of  any  ordinary  indnction- 
valve  for  blowing  through,  for  the  purpose  of  starling  an  engii» 
or  any  other  sudden  liberation  of  the  steam,  from  any  cause  wlw*" 
ever,  would  have  had  the  same  effect.  Any  thing  in  fact  tending 
to  a  disturbance  of  the  equilibrium,  or  level  of  the  water  iusido  ^ 
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^Bksler,  would  have  answered  ihe  purpose.     This  disturbance,  we  aro 

Hbouad  to  believe,  was  effected  by  the  rending  of  the  boiler  at  tho 

Htealij  or  defective  seam  of  rivets  on  the  second  trial,  which  caused 

the  rise  of  the  water-level  over  the  hot  metal,  and  a  consequent 

sudden  production  of  steam,  by  whicK  the  explosion  of  the  boiler 

was  finally  produced. 

KGCAPITU'LATIOS. 

Respecting  the  peculiar  phenomena  relating  to  the  repulsion 
which  takes  place  between  highSy  heated  metal  and  water,  known 
of  lat«  years  as  the  "spheroiJtU  condition  of  water,"  and  which  I 
consider  one  of  the  corner  stones  of  my  theory  of  explosions,  I 
speak  more  fully  in  the  accompanying  note.*     The  following  is  a 

"  Thf  "  SphnToidal  Corililion"  of  Watfr.—T\ie  term  "  fpheroidoT'  was.  I  be- 
lieve, tirat  applied  some  yearg  ago  to  Lhat  particular  condilion  waler  is  in  whea 
repelled  from  a  hot  eurrace  in  the  form  of  roundish  drops,  by  Mr.  J.  B.  Bonman, 
then  Professor  of  Chemiatry  at  the  Rojal  Insritulion,  Manchester,  and  Eince 
of  King's  College,  London.  This  was  on  the  occn.sion  of  his  reading  a  lecture 
an  the  subject  of  steam-boiler  es plosion 9.  in  the  above  iusUtatlon.in  the  conrse 
of  which  he  Kas  the  BrKl.  perhaps,  in  this  countr}',  to  give  an  account  of.  ns  well 
ss  to  show  experimcntully  some  or  Ihose  retnorkuble  properties  of  water  and 
otiier  liquids  when  projected  into  ro<l-hot  vessels,  oince  made  popular  by  some 
curioDs  performances  at  the  meetings  of  the  British  AranciatJoii,  and  more 
recently  at  ihe  Brilish  luBtitntion,  by  M.  Boutigny,  of  Evreoi,  in  France. 

This  gentleman,  who  had  been  some  years  engaged  in  the  pronecution  of  re- 
searches connected  with  the  subject,  was.  nntil  the  delirery  of  Mr.  Rowman'g 
lectnre,  above  referred  lo.*  and  its  subsequent  publication,  generally  supposed 
to  be  Ihe  Rrst  who  had  attempted  to  "  account  for  explosions  on  the  supposi- 
tion that  water  in  them  puBses.  nnder  certain  circumstances,  into  the  ppheri)- 
idiil  slate."  Sufficient  evideuce.  however,  was  furnished  to  Mr.  Bowman  on- 
that  occ;igion,  that  I  had  been  many  years  well  acipiainted  with  the  principle 
of  the  spheroidal  condition  of  water  in  boilers,  its  tendency  to  create  priming 
and  to  promote  explosions,  although  I  had  never  thoaght  of  giving  it  lhat  or 
any  oilier  distinctive  appellation.  That  I  had  several  years  prior  to  its  no 
doubt  independent  discovery  by  M.  Boutigny.  also  applied  it  to  account  for 
some  of  the  eiplosians  of  steatn. boilers,  was  a  fact  which  Mr.  Bowman  very 
handsomely  acVnowtedged  both  in  his  lecture,  which  was  followed  by  n  pnbliu 
diac~JS!'ion  on  the  subject,  and  also  in  his  pamphlet,  by  quoting  at  length  passages 
containing  evidences  thereof  from  a  pamphlet  of  mine,  published  in  IS.IB-ST. 
An  instance  of  liberality  and  justice  so  honorable,  though  rare,  among  scleu- 

doiM."    Bjr  Julio  GildawHBawiBW.    Uvdiiii:  J.  W.  PiukH,  IBM. 
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recapitulation  of  the  circumstances  already  mentioned  i 
the  most  prominent  causes  of  boiler  explosions. 

litic  irriters.  Ibat  I  cannot  omit  this  opportanit;  or  publicly  Hcknovlrdglni 
it.  And  I  may  here  DOlJce  ihe  fact  ibst.  although  partij'  printed  in  1836.  my 
book  was  writlPn  and  the  manascript  perused  bj  seceml  friends  nearU-  IhrFO 
years  before  that  time.  The  complete  applicaLioo  of  tbe  diicoTery  lo  the 
theory  of  exploiions  was  in  reality  made  by  me  prpTJons  to  lf30,  wheu.  in  con- 
juncMoQ  with  my  then  partner,  Mr.  Henry  Wright,  engini-er,  of  Manch««ter, 
1  made  application  for  a  patent,  embodying  the  principle  of  ihe  rfpiiUion  of 
iTiitpr  from  orer-healed  boilitr  hottoma  and  front  tube-plates  of  locomntivn  be> 
in)(  one  canse  of  the  priming  of  steam-boilers,  us  well  as  causing  esplntlonii. 
During  the  yeara  1831  and  1832,  it  is  quite  noloriout,  in  Manchcstt-'r,  that  I 
frequently  eibibited  the  principal  e.iperimenls  relative  to  it.  in  explanaiioa  of 
the  bursting  of  boilers.  Small  glati  boilers  were  parpo««ly  eiplodcd  wilb  that 
view  in  the  presence  of  well-known  parties  in  unmcrong  inilances. 

The  Simplest  nii>de  in  which  those  nnuscd  lo  experimenting  may  moat  M>tt> 
venicritly  lit  any  time  readily  demonstrate  the  "  spheroidal  condition  of  water." 
is  that  of  heating  Ihe  bowl  of  a  large  teaspnon  over  the  6ame  of  n  candle  nnlll 
water  nins  off  without  wnlling  it.  Then,  by  the  oid  of  n  dropping:  lube,  or  ft 
quill,  or  any  olher  means  of  meivsuring  into  the  spoon  successive  drops  of  walcr 
of  the  same  size,  the  leading  fact*  of  [he  repulsion  of  liquid  in  the  form  of  Keadt 
or  spheroids  become  very  apparent.  Thus  a  moderately  small-sixej  bead  nr 
globule  of  water,  when  the  spoon  is  very  hot,  will  he  observed  to  mtalc  rupidtj 
on  its  axis,  all  the  while  moving  quickly  about,  supported  by 
■learn,  and  occupying  half  a  minute  or  more  perhaps  before  it  is  rnlirely 
orated.  If  now,  witbont  re-heating  the  spoon,  anil  inhile,  in  fact, 
cooling,  we  place  another  drop  of  water  of  exactly  Ihe  same  sixe 
position  as  the  first,  it  will,  after  assuming  the  same  spheroidal  appearance, 
rapidly  diminish  in  size,  and  evaporate  entirely  away  in  two  or  three,  or.  at 
most,  in  a  very  few  seeoiids.  A  third  drop  so  placed  will  bo  room!  generall]! 
to  disappear  in  Im*  than  one  second  ;  or.  if  the  experimeol  tw  carefully 
managed,  the  lait  drop  will  be  made  to  vanish  iostaDtaneonsly  and  withoal 
Msnming  the  globular  or  spheroidal  form.  The  temperature  of  the  metal  of 
wliich  the  spoon  consists  will  then  of  course  be  that  of  maximum  vaporisation, 
and  whieb  is  naually  found  to  be  considerably  uiiOer  400"  Fah.  By  Ihi^  Ameri- 
can experiments  it  was  fonnd  lo  be  about  3^0°,  and  the  lom[>erature  of  pn-fcet 
repuUion  of  drops  of  water,  projected  into  an  iron  bowl  a  qnorler  of  ao  Ineh 
thick  wns  40r)°.  Tbe  committee  also  refer  lo  a  series  of  experimeuta  by  Pro. 
fesanr  Johnson,  who  places  tbe  maximnm  evaponitiiig  point  at  between  3M' 
and  321)°,  and  in  their  general  view  of  the  f»Cts  datailed,  stute  that  tho 
sion  between  the  metal  and  the  water  is  |>erfect  at  from  20°  lo  40°  aborr 
point  of  maximum  Tapnrizalion,  at  which  lemperalurcit  the  water  does 
Ihe  metal. 
Some  of  tbe  concluHOns  arrived  at  by  the  committee  are  a*  folloivg : 
1.  Tbe  temperature  of  moximnm  Ta|>orixalion,  both  in  copper  and 


lerapidt. 


plH* 
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First — The  overheating  of  the  bolter  bottom  or  sides,  or  the 

ps  of  the  internal  flues  or  furnaces,  wliich  may  be  brought  about 

mj  the  water  level  bejoinlng  aciiidentallj  too  low.     The  bottom  of 

I  boiler,  however,  may  become  overheated  from  many  causes 

irithout  any  undue  depression  of  the  water  level.     One  is  the  in- 

Hisitluu  of  indurated  sediment,  furr,  or  scale,  between  the  water 

l  the  mctaL     Another  is  the  operation  of  a  powerful  blast  or 


it  of  vaptiriEi 


4  ihe  Bnrrace  of  the  mclol  is  smoother,  and  tbe 

ren  time  is  muoh  diminisbed. 

L  8.  The  temperfttar«s  or  maxim  urn  vnporlxiilion,  Tor  copper  and  iron  in  eimilar 

lutes  of  ^arfuce.  differ  between  30°  and  40°,  the  iron  having  the  higher  point. 

t  3.  The  time  of  vuporizatioii,  at  the  muximiim.  Is  less  in  the  copper  ihrtn  in 

the  ratio  of  about  2  to  I,  probably,  nearly  in  the  rallo  of  the  con- 

hiding  powers  of  the  two  meluU  for  tieat,  which  are  as  2^  to  1.     (See  Ameri- 

D  Report,  paye  47.) 

.1  be  observed  that  the  above  resDlia  are  from  drops,  or  small  quanli- 

ater,  under  atmospheric  pre.'sure  only.     And, however  interesting  the/ 

{T  be  in  a  philosophical   point  of  view,  they  cannot  be  said  to  tnoch  the 

Klieal  questinn  of  the  effect  of  large  quantities  of  water  broughv  suddenly 

■X  with  hot  metal,  in  producing  explosions. 

I  Accordingly,  some  esperimenls  with  cast-iron  bowls,  half  an  inch  thick,  con- 

ing  large  i|aanlitles  of  water,  placed  over  charcoal  fires,  Indicaled  that  the 

IgbMt  point  lit  greatest  evaporation  was  placed,  at  least,  about  200°  below  red 

Mt  in  daylight,  and  in  the  most  fuvoruble  clrcnmstancps.  varying  TroDi  550° 

^  600°  Fah.  Tor  wrought  iron,  and  from  470°  to  526°  for  copper. 

(in  the  conrsc  of  the  experiments  of  llie  American   Committee,  it  waa  ob- 

i  that,  with  other  liqiildn,  alcohol  for  instance,  at  a  certain  tempersturo 

t  tbe  dish,  that  of  the  spheroid  became  slutionary  at  1691°  or  170°,  (ihe  boil- 

If-point  being  173°,)  and  Ibat  il  cuuld  not  be  raised  higher;  indeed  tke  tempe- 

■I  of  the  tpheroid  breame  lower  as  that  of  the  dish  was  higher,     tn  my 

n  experiments,  that  point  not  appearing  to  me  then  to  have  any  direct  p«e- 

n  Application.  1  had  only  generally  remarked  that  the  temperature  of  the  glo- 

of  water  must  be  lower  than  212°  from  the  fact  that  it  did  not  boil.     And 

etitirely  to  Che  del/cutcly  manipulated  experiments  of  Messrs.  Bowman  and 

lontigny  that  we  are  indebted  for  a  knowledge  of  the  fact,  that  the  tempera- 

*  of  a  spheroid  of  water  is  invariably  constant  at  iOiP,  or  7°  below  its  boil- 

IF-poiot,  however  hot  the  crucible  which  contains  it  may  be.     Thus,  also,  a 

heroid  o(  aJcohol  always  Etands  at  17(P  or  3°  below  its  boiling-point;  one  of 

r  is  alway*  .V  below,  or  95^;   and  llqnid  sufpAurous  aeid  which   boils  at 

\  never  reaches  so  high  even  as  that  low  temperature  when  In  the  sphero- 

\i  slate,  but  continues  far  colder  than   melting  ice,  even  though  the  crucible 

which  it  lies  be  all  the  time  al  the  moil  intenae  mhile  heat.     It  was  on  thia 

krinciple  that   M.  Bo utigny  contrived  the  feat  of  freeiing  water  in   red  hot 

«ibleii,  and  afterwards  that  of  handling  melted  cast-iron.  It.  A. 
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draught  throwgli  the  fire,  by  which  such  a  quantity  of  steam  is  geo- 
erated  over  a  small  portion  of  the  boiler  bottom,  that  the  water  impar- 
tially or  wholly  driven  away  or  repelled  therefrom,  in  the  "aptem 
idal  condition"  referred  to;  and  ia  oflen  produced  by  currents  of  ok 
for  smoke-burning  purposes,  admitted  in  an  injudicious  direction. 

Secondly, — The  giving  way  of  some  small  portion  of  the  boiler, 
which  would  not  of  itself  constitute  an  explosion,  but  which  would 
be  auf&cient  to  liberate  a  large  quantity  of  steam  or  water,  and 
create  a  sudden  disturbance  of  the  water-level,  which  circumstance 
concurring  with  the  other  conditions  named,  a  sudden  rise  in  tl» 
pressure  of  the  steam  would  result,  and  an  explosion  ensue. 

DEFECTS  PECUUAS  TO  BOILERS   COMPOSED   OF  RIVETED  PLATK3. 

Ordinary  observers  sometimes  make  the  remark  that,  in  com- 
parison to  the  frequent  instances  of  boilers  bursting,  we  seldom 
hear  of  the  bursting  of  guns;  and  among  sportsmen,  never  perlmps 
unless  overcharged.  Without  noticing  the  truth  of  the  allegation, 
which  is  perhaps  not  quite  admissible,  there  is  one  circumstancs 
which  renders  the  comparison  unfair  towards  the  boiler.  A  gun,— 
a  fowling-piece,  for  instance,- — though  said  to  be  in  constant  use  fot 
a  whole  day,  is  only  subject  to  pressure  for  a  fraction  of  a  second 
at  each  discharge,  not  in  all  occupying  many  minutes,  whereas  the 
boiler  has  to  resist  the  pressure,  and  its  variations  continuoaslyi 
The  general  cause  of  the  explosion  is  the  same  in  both  cases.  Tbe 
boiler  like  the  gun  is  too  weak  for  the  charge  it  contains  at  A* 
moment  of  the  explosioTi.  "Why  then,"  it  will  be  objected,  "can 
yoii  not  do  as  the  gunmakers  do — make  your  boiler  stronger,  willi 
an  ample  margin,  for  covering  errors  of  calculation,  and  aaseon 
defects  in  the  material;  and  then,  after  a  double  or  trrhle  proot 
ought  not  a  boiler  to  be  as  safe  at  least  as  a  gun?"  This  semi- 
military  way  of  putting  the  question.  Is  the  language,  and  convey? 
the  notions,  not  of  military  but  of  many  civil -engineers  and  boilci 
makers  of  the  highest  practical  talent,  and  therefore  deserves  s 
categorical  answer. 

In  the  first  place,  putting  out  of  consideration  cast-iron  boilers, 
because  they  arc  now  selilom  or  never  used,  although  mucb  might 
be  said  in  their  favor,  I  answer  that  a  boiler  composed  of  piatet  of 
wrought-iron  riveted  together,  and  overlapping  each  other  at  tlieil 
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fElge8,i8  IE  a  very  diffL'rent  condition  to  a.  gun  or  cannon  composed 

e  nearly  uniform  piece  of  metal.    Tlie  latter  quickly  acquires 

ft  uniform  temperature  aft;r  any  disturbing  cause,  and  a  more  uni- 

■  ibrm  contraction  or  expansion  throughout  its  whole  substance  is 

I  the  result.     The  boiler,  however,  is  necessarily  exposed  to  much 

■-jgreater  inequality  and  extremes  of  temperature ;  it  is  conae<iuentIy 

^iable  to  correspondingly  greater  variations  of  expansion  and  con- 

raction ;  and  it  will  not  be  difficult  to  show  that  the  great  contrac- 

nioii  and  expansion  of  this  compound  and  complicated  Htructure  of 

plates  and  rivets  forming  the  boiler,  and  which  is  going  on  con- 

tinually  while  the  boiler  is  at  work,  as  necessarily  tfinds  to  tear  it 

1  pieces,  even  without  much  assistance  from  the  pressure  of  the 


As  an  example,  in  order  to  illustrate  the  destructive  effects  pro- 
duced by  the  continually  varying  expansion  and  contraction  going 
on  among  the  plates  of  a  riveted  boiler,  I  may  take  the  common 
case  of  one  twenty  feet  long  by  six  feet  diameter,  with  the  fire 
under  its  bottom,  and  containing  an  inside  tube  or  flue:  Both 
boiler  and  flue  being  composed,  as  ia  usual,  at,  say  ten  rings  of 
plates  of  about  two  feet  long  each. 

Now,  on  the  first  application  of  the  fire  to  the  bottom  of  such  a 
Iwiler,  and  before  there  is  any  pressure  of  steam  at  all,  each  of 
these  plates  immediately  acquires  some  intermediate  temperature 

»l)etween  thai  of  the  fire  outside  and  the  water  inside  the  boiler. 
Sliese  two  temperatures  may  be  fairly  considered  to  average  about 
1600  and  100  degrees  respectively,  to  begin  with.     The  external 
sortace  of  the  wrought-iron  plates  were  single,  and  the  whole  sub- 
Btance  of  the  outsitle  portion  of  the  jilates  where  doulk  or  lappsd 
over  tbe  other,  tending  to  the  higher,  and  the  inner  surface  of  the 
Pboiler  bottom  tending  to  the  lower  temperature.    The  consequence 
f  thifl  ia  that  the  expansion  of  the  outer  exceeding  that  of  the 
F^iner  surface,  the  boiler  bottom  becomes  to  some  extent  convex 
f-^vtteard,  or  towards  the  fire  in  a  longitudinal  direction ;  thus, — 
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figure  in  order  to  show  more  clearly  tbe  form  tlie  boiler  bottom 
tenck  to  assume  theoretically,  and  not  its  exteut,  on  the  application 
of  the  fire  every  time  the  steam  ia  to  bs  got  up ;  and  this  on  the 
assumption  that  the  joiats  of  all  the  plates  are  perfectly  and  Grmly 
riveted,  and  e-acli  plate  of  exactly  eiptal  strength  throughout.  Tha 
however  may  be  considered  an  almost  impossible  condition  in 
practice.  There  is  always  some  one  or  other  of  the  seams  of  rivets 
less  capable  of  affording  resistance  to  the  immense  force  of  expiin- 
sion  than  the  rest,  and  these  parts  will  therefore  be  the  first  lo  give 
way.  The  consequence  is  that  the  boiler  bottom  more  generally 
assumes  the  form  represented  in  Fig.  Q&, 


Should  there  be  auv  pressure  of  steam  at  all  iiythe  boiler,  sml 
the  plates  be  of  cqnil  strtngth  and  equillv  aUed^on  by  heat,  of 
course  the  point  of  greite-.t  depression  wouU  be  rtiir  tUt  iniddle 
of  the  length  of  the  boiler.  The  greatOftt  heat,  hoflfever,  Iwing  ia 
the  vicinity  of  the  fire-bridge,  is  sufficient  to  dtiterniine  the  posi- 
tion of  this  point  at  the  nearest  seam  of  rivets  to  tha  brii 
there  in  faet  this  depression  is  usually  found.  When  permanf 
it  is  then  commonly  said  by  the  stoker,  "  The  boiler  bottom 
eome  down."* 


ana 
iflO 
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,lly  npplioi)  to  wBgon -boilers,  tlie  caw  is  in 
to  tliitt  or  n  large  Sre-tubc  or  a  Cornish 
re  at  length  iu  my  "  HUsay  an  the  Boiler* 


*  Although  IhiE  expreaslon  is  nRt 
point  of  fact  une  [if  collapse,  simili 
boiler.  The  Buhject  is  treated  on  n 
or  Steam- Bnginea,"  IS39,  pajce  341. 

As  this  work  has  been  aeverul  years  out  of  print.  I  give  the  Tollowing  ez- 
tract    from   a  Mcond  eililioii.  which  1   have  had  some  time  in  preparat 
together  with  an  additional  volume  of  "  Notes  and  IlluatratloM. 
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"Witli  respect  to  tlie  extent  of  tlie  depression  liable  to  be  pro- 
duced from  tliis  cause.  If  we  take  tlie  difference  of  temperature 
between  tbe  external  and  internal  surfaces  of  the  boiler  bottom,  at 
500',  and  allowing  iron  to  expand  at  '00007  of  its  length,  for 
every  10'  of  Fah.,  or  -00007  X  50  =  -0035  of  its  length  for 
500°  thia  will  corrL'spond  to  Si,  or  nearly  an  inch  of  expansion 
in  tlie  total  length  of  the  boiler  bottom  externally. 

The  immediate  action  of  the  fire  is,  of  course,  to  bend  eacb 
plate  separately,  supposing  the  latter  to  bs  clean.  But  a  boiler 
has  commonly  some  sediment  deposited  from  the  water,  and  any 
of  the  ordinary  deposit,  however  thinly  spread  over  the  bottom  of 
Uie  boiler,  being  a  very  bad  conductor  of  heat,  permits  the  tem- 
perature of  the  plates  to  rise  higher,  extending  through  their 
whole  thickness,  and  expanding  the  plate,  in  some  cases,  to  double 
the  amount  supposed  above.  Thus  condition  greatly  modifies  the 
heat  in  bending  the  plates,  which  become  more  extended  in 
length,  and  it  adds  considerably  to  the  curvature  of  the  boiler 
bottom.  Accordingly,  we  constantly  find,  at  particular  times,  a 
very  serious  deflection  of  boiler  bottoms  downwurds  at  about  the 
miildle  of  their  length.  The  depression  commonly  aiimits  of  accu- 
rate measurement,  to  the  extent  of  a  quarter  of  an  inch  or  less,  by 

"  It  ma;  be  asked,  if  our  theory  or  sleani-boiler  explosions  be  correct,  bow 
it  la  that  we  have  not  man;  more  or  Ihem,  as  the  caageg  to  which  tbe;  are  as- 
cribed mar  teem  to  be  n{  utmost  ever;  du;  occurrence  t  The  answer  is,  that 
the  burgling  of  hoiten  is  also  a  matter  or  ever;  du;  occurrence,  to  an  amount 
which  the  pnblie  generally  ure  altogether  ignorant  or.  To  be  enre  theas 
boratingi  are  not  generally  eulled  exploiiont.  allhongh  in  reality  they  are  so, 
being  dilTerent  only  in  degree.  It  would  not  be  difficult  fo  prove  that  two  or 
three  of  Iheae  minor  eiploBions  occur  in  Manchester  ever;  week ;  but  when 
DO  fatal  conHeqnenceB  ensue,  and  no  parlicolar  damage  is  done  to  any  ndjoining 
property,  or  conrse  tbe  circumstance  never  gets  into  tbe  newspapers,  and  no 
public  notice  is  taken  or  ii. 

"  tTsQiUy,  the  affair  has  qnile  another  name  when  it  occnrs  with  n  wag;oD- 
boiler;  it  is  then  eaid  that  the  "boiler  bottom  has  come  down  ;"  in  otbei 
words  the  concare  bottom  is  forced  down  into  a  conrex  form,  and  somelimea 
the  sides  are  in  like  manner  Forced  antwards.  flbonl  the  middle  of  the  length 
of  the  boiler.  The  consequence  in  the  least  violent  of  these  cusea  ia,  that  the 
o.iiler  is  lifted  up  a  few  inches  from  its  sealing  by  the  bottom  striking  upon 
the  lop  of  the  (Irc-bridge.  We  also  usually  find  everyseam  ofrivels  viiilentlj 
•Iriuned,  so  that  the  water  runs  thron^h  the  boiler  bottom  like  a  riddle 
ilthoagh  there  is  seldom  a  hole  of  more  than  a  few  iacbcs  in  area."     R.  A. 
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placing  a  loose  Ijrick  on  tlie  top  of  llie  bridge,  just  a  little  cvl  ^ 
conlncl  with  tbe  plates.  And  it  regularly  takes  place  in  all  Ijoiiers^ 
to  a  greater  or  less  extent,  every  morning  before  the  steam  »'s  trp, 
and  before  there  is  any  pressure  whatever,  excepting  what  arises 
simply  from  the  weight  of  water  in  the  boiler. 

Very  little-  observation  will  convince  any  one  that  the  [leculiar 
action  I  have  been  describing  really  takes  place.  The  fact  is 
notorious  that  all  boilers  are  more  or  less  leaky  when  the  fire  is 
first  applied  to  them  for  getting  up  the  steam ;  possibly  the  leak  u 
Bo  minute,  in  some  cases,  as  to  be  scarcely  diacemible;  but,  gen^ 
erally,  the  leakage  is  sufficiently  apparent  when  there  is  a  de« 
fire  under  the  boiler. 

Now  it  is  well  known  that,  so  soon  as  the  water  inside  the  boiler 
becomes  heated,  the  leakage  decreases,  and,  by  the  time  it  is  boibng, 
and  the  steam  begins  to  rise,  every  leak  in  the  boiler  bottom,  except 
those  that  are  running  a  full  stream,  ia  stopped,  or  nearly  so.  The 
cause  is,  clearly,  that  the  heat,  so  soon  as  ebullition  in  the  water 
commences,  is  carried  of^  by  the  formation  of  steara,  from  the  inuer 
surface  of  the  plates,  as  rapidly  as  it  is  transmitted  through  then 
from  the  fire ;  and,  therefore,  the  temperature  of  the  plates  fJU 
or  becomes  uniform,  and,  consequently,  they  again  assume  theif 
original  dimensions.  The  usual  expression  of  the  stoker,  then,  i^ 
that  the  leaks  have  "taken  up,"  and,  by  the  time  the  steam  is  up, 
or  sooner,  the  boiler  is  "as  tight  as  a  bottle."  It  is,  however, 
the  boiler  bottom  that  is  "taken  up"  by  contraction  and  an  equal- 
ization of  temperature  on  each  side  of  the  plates.  I  am  nwa" 
that  this  result  is  commonly  ascribed  to  sediment  being  driven 
into  the  joints  of  the  plates  by  the  pressure ;  but  the  stoppage  O" 
the  leaks  commences  before  the  steam  is  up,  and  the  same  phe- 
nomenon occurs  in  boilers  which  are  quite  new,  and  which  coutai" 
no  sediment. 

So  far  as  a  leakage  of  the  kind  just  described  may  diminish  tli* 
quantity  of  water  in  a  boiler,  it  is  obvious  that  it  will  bo  generally 
ioconsiderable.  A  constant  daily  repetition  of  this  process,  how- 
ever, causes  much  oxidation  of  the  iron  in  the  vicinity  of  the 
leaks  and  induces  weakness  in  some  particular  direction  acrofs 
rhe  boiler  bottom,  which  ultimately  causus  large  openings  betwecu 
the  plates,  and,  then,  great  loss  of  water  results.  And  how  the 
sudden  loss  of  a  large  quantity  of  water  in  a  morning,  or  at  other 
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Sorelne  steam  is  up,  is  likely  to  end  in  a  violent  explosion, 
t  or  about  ibe  time  the  engine  startd  work,  will  be  Buffictenlly  ap 
reot  from  tbe  explanations  already  given. 


HOW   CHAXGB    OF    FORM    PRODUCES    FBACTDRE. 

It  is  evident  that  a  greater  amount  of  expansion  and  contraction 

rill  be  produced  at  those  joints  of  the  plates  which  are  immediately 

tver  tbe  hottest  parts  of  the  fire  than  elsewhere.     Suppose,  for  the 

esent,  that  tbe  whole  of  the  plate-a  in  the  boiler  bottom  are  healed 

iformly ;  then,  since  the  ends  of  the  boilers  are  firmly  braced  to 

K«ach  other  by  means  of  the  internal  flue-tube,  as  well  as  by  the 

upper  half  of  the  cylinder,  neither  of  which  are  so  much  affected 

by  the  fire,  it  is  clear  that  the  expansion  of  one  part  of  the  boiler 

_  is  resisted  by  the  other  part.     Tbe  greatest  strain  from  tbe  expan- 

P 

Jjon  of  the  boiler  bottom  will  be  at  the  angles  a  and  b  (Fig.  OS.)  at 
■which  points,  the  rivets,  (if  immovably  fast  in  the  angle-iron.) 
BttUst  have  a  tendency  to  bend  outwards  from  the  longitudinal 
thrust  of  the  plate  in  that  direction,  as  in  Fig.  99,  which  is  an  en- 
1  representation  of  the  angle  B  in  Fig.  98.  The  plate  will 
I,  sometimes,  act  as  a  lever  in  WTenching  off  the  head  of  the 
ret ;  or,  as  usually  happens,  by  successive  operations  of  this  kind, 
!  rivet-holes  in  the  plates  become  permanently  enlarged,  and 
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break  out.  For  example,  so  soon  aa  tbe  water  becomes  sufficien 
heated  to  cause  ebullition  to  commence,  liowever  slightly,  the  tem- 
perature of  tbe  plates  immediately  falls  to  212°,  or  to  bucIi  u  de- 
gree as  corresponds  with  the  boiling-point  at  the  time.  Ami  this 
point  being  attained,  of  course  contraction  of  the  bottom-platea 
immediately  ensues,  as  before  described,  co-equal  with  the  previous 
expansion.  The  thrust  at  the  end  rivets  now  becomes  a  drag  in 
tbe  contrary  direction,  or,  aa  shown  by  the  position  of  the  lines  a  a 
and  b  b,  in  Fig.  99,  which  represent  the  directions  to  which  ibc 
varying  position  of  the  rivet  respectively  inclines,  according  as  it  is 
acted  on  by  the  expansion  or  the  contraction  of  the  boiler  bollom. 

If  the  rivets  do  not  always  give  way,  they  enlarge  the  rivcl- 
holes,  which,  by  this  alternating  action,  become  oval  or  lengthened 
in  the  direction  of  tlie  strain,  and,  ultimately,  cracks  are  formed 
between  the  rivet-holes  and  the  edges  of  plates,  as  shown  iu  Fig. 
100,  which  is  a  plan  or  top  view  of  Fig.  99. 

One  object  I  have  in  view  here  is  to  show  that  severe  strdos 
upon  the  rivets  of  a  boiler,  arising  from  undue  expansion  and  con- 
traction, may  be  increased  by  the  thickness  of  the  plates,  and  tint 
the  destruction  of  boilers  from  that  cause  is  not  confined  to  those 


formed  with  angle-irons  and  flat-ends,  but  extends  also  t 
made  with  hemispherical  or  "egg"  ends,  which  are  ordinarily  con- 
sidered superlatively  safe  high-pressure  boilers.  Such  boiiyrs  are 
usually  of  less  diameter,  and  are,  consequently,  of  greater  length, 
on  which  account  they  are  more  particularly  obnoxious  to  the 
detect  I  have  been  treating  of,  arising  from  a  proportionably  ilf 
creased  amount  of  expansion  and  contraction. 


up 


I  ESFLOSioxg.  317 

k  As  a  practical  example,  I  shall  conclude  by  describing  a  boiler 
n  this  kind,  which  came  under  my  observation  a  few  years  ago  in 
feiondoii. 

This  boiler  was  three  and  a  half  feet  diameter  by  thirty  feet  long 
and  set  up  with  the  ordinary  wheel -draught,  which  is  a  very  com- 
mon, though  a  very  improper  mixle  of  setting  a  boiler  of  so  small 
a  diameter.  The  consequence  was,  that,  in  order  to  obtain  sufKctent 
space  for  draught  in  the  side-flues,  the  brickwork  had  to  be  carried 
up  considerably  above  the  centre,  and  the  boiler  was  finally  covered 

■er  with  brickwork;   a  dangerous  practice,  though  extremely 

immon. 

The  reason  for  covering  boilers  in  this  way  is,  of  course,  to  re- 
tain the  heat,  which  it  certainly  does,  hut  such  a  coyering  may  be 
very  detrimental  to  the  durability  of  the  boiler.  Thus,  when  the 
fire  is  under  the  boiler,  the  temperature  of  the  boiler  bottom  may 
not  generally  be  more  than  about  250°,  while  that  of  the  side-flues 
cannot  be  less  than  500°  or  600°,  and  the  brickwork  resting  on 
the  top  of  the  boiler  is  seldom  less  than  350°  or  400°,  as  I  have 
frequently  ascertained,  and  of  course  the  iron  in  contact  with  it 
will  be  of  the  same  temperature,  except  so  far  as  the  heat  is  car- 
ried off  by  the  steam  in  contact  with  the  metal.  Now  here  may 
ly  be  a  difiference  of  200°  or  300°,  causing  a  considerable 

lount  of  expansion  in  the  top  of  the  boiler,  and  a  corresponding 
upon  the  rivets  in  the  boiler- bottom.     But  supposing  the 

liler  to  he  emptied  by  running  out  the  watsr  at  the  end  of  the 
k  for  the  purpose  of  cooling  and  cleaning  it  out,  or  of  cleaning 
the  flues ;  and  further,  for  the  purpose  of  cooling  it  quicker,  sup- 
pose that  a  quantity  of  cold  water  is  immediately  run  into  the 
boiler,  and  let  us  see  the  extent  of  the  evil  which  takes  place 
then.  The  hot  brickwork  will  retain  the  upper  half  of  the  boiler, 
upon  which  it  rests,  at  full  stretch ;  while  the  lower  half,  at  least 
80  far  as  the  cold  water  extends,  suddenly  contracts,  and,  instead 
of  200°,  we  may  have  a  difference  of  400°  between  the  top  and 
the  bottom  of  the  boiler,  equivalent  to  about  an  inch  in  the  whole 
length  of  the  boiler. 

As  near  as  could  be  judged,  on  close  examination,  this  was  the 
nrecise  extent  to  which  several  openings  in  the  seam  across  the 
noiler  bottom  amounted  to  collectively-  One  or  two  of  the  dia- 
[tocated  parts  becoming  jammed  and  retaining  their  positions,  per- 
Ibitted  of  exact  measurement. 
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This  graliial  disintegration  of  a  boiler  has  no  doubi  been  &a 
quently  observed  by  others,  although  not  remarked  iijioQ.    This 
particular  example  occurred  at  a  factory  where  it  wa^  ihe  cusWia 
to  clean  out  one  of  the  boilers  every  Sunday  morning ;  for  whidi 
purpose  the  stoker  commonly  filled  the  boiler  he  intended  to  cli 
immediately  after  letting  out  the  hot  water.     And  the  case  i 
duced  as  an  eicample  of  those  cases  where  for  years  very 
expenses  were  incurred  in  repairing  and  re-making  the  boili 
without  the  cause  of  the  defect  having  been  discovered.    Sim 
however,  that  practice  of  filling  the  hot  boiler  with  cold  water  hia 
been  discontinued,  although  the  boilers  are  now  of  thinner 
larger  diameter,  and  worked  at  higher  pressure,  a  boiler-mecder  13 
scarcely  ever  required  on  the  premises. 


AMERICAN  EXPERIMENTS   ON  EXPLOSIONS, 


Made  by  order  of  the  Treasury  Department  of  the  UniWd 
States,  in  which,  among  other  instructions  on  the  subject,  direc- 
tions were  given — 

"To  observe  tKcuraldy  ihe  tort  of  bursting  produced  by  a  gradusl 
increase  of  pressure  within  cylinders  (^  iron  and  co/iper. 

"  It  has  been  contended  by  some,  that  ruptures  produced  by  i 
pradual  increase  of  pressure  within  steam-boilers,  do  not  bear  tlie 
character  of  explosions,  but  that  a  mere  rending  takes  place,  giv- 
ing escape  to  the  contents.  Tiiis  has  been  assumed  to  be  especially 
the  case  with  copper  boilers.  To  make  the  observation  required 
by  the  above  question,  cylinders  of  iron  and  copper  were  prepared, 
of  suflcient  size  to  make  a  small  thickness  of  material  answer  for 
rending,  by  a  prea.^ure  which  was  easily  attainable.  Two  experi- 
ments made,  one  with  an  iron  and  another  vnth  a  copper  cylinder, 
afforded  so  direct  an  answer  to  the  query  that  it  was  not  deeww 
necessary  to  carry  the  experiments  further,  especially  as  they  w^f* 
tedious,  and  not  without  danger.  A  further  experiment,  of  tbe 
same  tenor,  resulted  from  a  trial  of  Perkins's  assertion  in  regard  w 
the  efftict  of  making  an  opening  in  a  vessel  containing  water  and 
heated  to  a  high  temperature, 

"  The  boilers  used  were  cylindrical,  eight  and  a  half  inches  in 
diameter,  and  ten  and  twelve  inches  respectively  in  length,  of  iwn 


t    I 
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■.'02  inch  ttick,  and  of  copper  -03  iucli  tliiok,  having  iron  heads 
rOo   inch  thick,  to  which  the  convex  surface  was  fixed  by  iron 
nivets,  placed  nearly  touching  each  other.     A  single  opening  in 
bhe  middle  of  one  of  the  heads  of  each  boiler  was  provided  to  in- 
Ktroduce  the  water,  and  was  furnished  mth  a  screw,  into  which  to 
Pinsert  a  tube  and  piston,  connected  with  a  small  spring  weighing- 
machine,  which  is  represented  at  a  in  the  cut  on  page  293.     Upon 
the  cylinder  of  this  machine  a  ring  was  placed,  which  was  movable 
along  the  cylinder  by  a  slight  pressure.     This  ring  was  forced 
towards  the  end  of  the  cylinder  nearest  to  the  boiler  head  as  the 
spring  was  bent ;  and  remaining  in  its  place  when  the  spring  re- 
laxed, served  to  register  the  maximum  pressure  to  which  the  piston 
liad  been  exposed  prenous  to  observing  it, 

"  The  iron  boiler  was  placed  in  a  heavy  cylinder  of  wrought 
iron,  which  .served  as  a  furnace,  the  axis  of  the  boiler  being  nearly 
•horizontal,  and  that  of  the  furnace  cylinder  vertical.  The  boiler, 
T  been  half  filled  with  water,  was  placed  upon  a  fire  of  char- 
iCoal,  and  when  the  water  boiled  the  register- maohine  for  the  prea- 
lure  was  screwed  in. 

"  The  place  selected  for  the  experiments  waa  in  a  deserted  quarry 
m  the  banks  of  the  Pennypack,  near  Ilnlmesburgh.  The  high 
ibank  served  as  a  protection,  by  the  aid  of  which  the  experiments 
rere  viewed  with  little  danger.  A  wire  and  cord  were  attached 
jto  the  head  of  the  boiler,  to  draw  it  from  the  fire  when  the  latter 
required  to  be  replenished.  A  leak  in  the  riveting  of  the  iron 
trailer  allowed  so  much  steam  to  escape  that  the  boiler  did  not 
give  way  on  the  first  trial.  As  soon  as  the  escape  of  steam  waa 
observed  to  cease,  the  boiler  was  removed  from  the  fire  and  again 
half-filled  with  water.  The  fire  was  urged,  and  the  boiler  settled 
lower  into  it :  and  by  once  replenishing  the  fuel,  without  removing 
the  boiler,  an  explosion  was  produced.  Part  of  the  committee 
■were  engaged  in  observing  the  progress  of  the  experiment  at  this 
I  moment.  The  fire  was  near  the  middle  line  of  the  boiler,  burning 
Ksot  strongly  near  that  line,  hut  very  rapidly  below  the  boiler. 
f^Tbe  steam  issued  freely  through  the  leak  before  alluded  to,  and  the 
whistling  sound  which  it  produced,  and  wliich  had  increased 
gradually  in  strength  as  the  experiment  progressed,  seemed  con- 
ttant.  The  length  of  time  during  which  the  steara  had  escaped 
L  showed  the  water  to  he  low,  and  induced  the  supposition  that  a 
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sacoud  time  the  object  would  fail, — wlien  an  explosion  occnrr 
The  explosion  tore  oEf  one  of  the  beads,  b  c,  of  the  cylinder,  pro- 
jecting the  other  parts  of  the  boiler  in  an  opposite  direction,  carry- 
ing with  them  for  a  portion  of  the  distance  the  iron  cylinder 
forming  the  furnace,  and  scattering  the  fuel  in  every  direction. 
The  report  attending  the  explosion  resembled  that  from  a  small 
mortar  (eprouvette)  fully  charged.  The  steam  mixed  with  the 
amoke  was  not  considerable  in  quantity,  and  few  marks  of  water 
were  to  be  seen.  The  boiler-head  was  thrown  fifteen  feet,  the 
boiler  and  spring- register  about  six  feet,  and  the  furnace,  weighing 
about  forty-five  pounds,  was  overturned  and  carried  four  feet, 
The  pressure  indicated  by  the  register  was  eleven  and  a  quarter 
atmoaphcrea. 

"  In  examining  the  boiler,  it  appeared  that  the  head,  h,  which 
was  thrown  off,  had  first  struck  against  the  iron  furnace,  which 
had  deflected  it  outwards.  This  is  shown  by  the  indentation,  b  c, 
in  the  figure.  This  head  was  forced  off  all  around  in  the  line  of 
rivets  which  attached  the  head  to  the  boiler,  the  metal  remaining 
between  the  rivets  being  less  than  the  space  occupied  by  them. 
The  convex  Burface  and  the  other  head  were  thrown  likewise 
against  the  furnace,  and  the  head  indented  at  d  e,  overturning  the 
furnace  and  carrying  it  four  feet,  as  already  stated.  The  boiler 
finally  struck  against  the  side  of  the  bank  of  earth.  The  piston 
of  the  weighing-machine  was  somewhat  bent  in  the  experiment. 

"  The  circumstances  of  this  experiment  show  that  the  steara 
rose  quite  gradually  on  account  of  leaks  in  the  boiler,  increasing 
probably  more  rapidly  as  the  tpiantity  of  water  dimtnis/ifd,  the  in- 
tensity of  the  fire  meanwhile  increasing ;  that,  at  a  certain  period, 
the  tension  within  had  attained  about  eleven  atmospheres,  when 
the  boiler  ea-phded  violently. 

"  The  accompanying  figure  (95)  will  serve  to  give  an  accurate 
idea  of  the  appearance  of  this  boiler  after  its  rupture, 

"  The  cylinder  of  copper,  before  referred  to,  was  next  put  in  the 
place  of  the  iron  boiler,  and  the  fire  again  kindled, — the  general 
arrangements  being  as  before  describad.  This  boiler  being  longer 
than  the  former,  would  not  descend  so  far  into  the  furnace,  and  an 
attempt  to  raise  the  steam  sufficiently  high  to  burst  it  failed. 
There  was  a  considerable  leak  in  the  junction  of  the  curved  sur- 
face with  otic  of  the  ends.   When  the  water  was  nearly  exhausted, 
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I  its  period  of  greatest  heat,  the  cylinder  was 
removed  and  water  again  introduced,  filling  about  three-fourths  of 
ita  capacity.  A  new  furnace  was  constructed  of  stones,  allowing 
the  boiler  to  rest  more  closely  upon  tbe  fuel,  and  affording  a  screen 
from  the  wind,  which  was  blowing  quite  strongly.  The  part  of 
the  boiler  in  which  the  leak  had  been  observed  was  turned  down- 
wards, but  a  similar  escape  was  found  for  the  steam  in  the  part 
now  uppermost.  The  tension  of  the  steam  appeared  to  increase 
very  slowly,  and  the  fire  passed  its  beat  action  without  effect.  It 
was  renewed,  and  as  the  water  became  lower  the  tension  of  the 
steam  increased  considerably.  As  before,  nothing  remarkable  oc- 
curred previous  to  the  instant  of  explosion,  and  the  members  of 
the  committee  employed  in  the  ejcperiments  were  engaged  in  ob- 
serving the  boiler  at  the  instant  it  exploded.  A  dense  cloud  of 
smoke  and  flame,  capped  by  steam,  rose  from  the  pit ;  the  atones 
and  combustibles  were  widely  scattered ;  and  the  boiler  was  thrown 
in  a  single  mass  about  fifteen  feet  from  the  furnace.  The  noiae 
attending  thb  explosion  was  like  that  from  the  firing  of  an  eight- 
inch  mortar. 

"  The  boiler  was  rent  as  shown  in  the  accompanying  figure  (96), 
giving  way  in  an  irregular  Une  just  above  the  probable  water- 
line  on  one  side  of  the  boiler,  but  not  conforming  to  it  d  and  b 
were  the  lowest  points  in  the  two  heads  l)efore  the  explosion. 
The  sheet  of  copper  was  torn  from  the  heads,  unrolled  and  irregu- 
larly bent,  adhering  to  the  heads  for  only  a  short  distance  near 
the  top  of  each ;  and  the  heads  were  bent  outwards.  The  thick 
ness  of  the  copper  along  the  line  of  rupture  varies  from  -OZo  to 
.035  of  an  inch,  and  the  meial  appears  to  have  been  highly  heated 
at  one  end  of  the  torn  portion.  The  piston  of  the  spring  gauge 
was  bent,  the  screw  which  attached  it  to  the  boiler  broken,  and  the 
whole  instrument  otherwise  injured.  It  appeared  that  the  wire 
intended  to  draw  the  boiler  oft'  the  furnace  had  slipped  and  im- 
peded the  action  of  the  piston,  so  that  no  register  of  the  amount 
of  force  producing  this  explosion  waa  obtained.* 


*  "  A-uoming  tbe  Btreng:th  of  copper  at  36,000  lbs.  to  the  square  inch,  and 
tbmt  it  wM  nninjured  by  tbe  heatingi—nej^lecting  a.\so  the  effect  of  tempera- 
ture.— the  buntiog-preunre  appears  b;  calcalatinii  to  have  been   about  six- 
teeu  atmosphere*.     It  wu  no  doabt  lest  than  this." 
21 
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"  The  circum stances,  as  before,  show  that  the  steam  was  allowed 
to  rise  grftdually  until  the  boiler  gave  way.  It  is  possible  ihat 
there  may  be  a  relation  between  the  space  occupied  by  the  water 
and  that  in  which  the  Bteantfia  formed  moat  favorable  to  the  pro- 
duction of  steam,  and  that  when  this  was  attained  a  rapid  rise  in 
elasticity  took  place ;  but  there  were  no  circumstances  ohserveJ 
which  would  confirm  such  a  view,  and  if  it  were  correct,  it  would 
only  affect  the  conclusion  as  far  as  the  increase  of  tension  miglt 
liave  been  rapid  from  such  a  cause. 

"  As  in  the  former  case  the  marks  of  the  sediments  remmneJ  in 
the  boiler,  and  indicated  that  the  water  was  about  an  inch  deep 
when  the  cylinder  exploded.  Much  more  steam  was  formed,  and 
more  water  left  than  in  the  first  experiment. 

"  These  experiments,  together  with  the  one  referred  to  in  a  sub- 
sequent part  of  this  report,  are  direct  and  cmtcliaive ;  they  show  lliat 
all  t/i£  ciTcumstancci  allendinij  Uie  most  violent  ex}ihsiora  maij  «w 
without  a  sudden  iTicnase  of  pressure  within  a  boiler.  There  can !» 
no  doubt,  however,  that  if  particular  portions  of  a  boiler  are  mocb 
weaker  than  other  parts,  they  may  give  way  in  time  to  prevent 
such  a  catastrophe." 

[From  "  Rei-obt  of  the  Committee  of  the  Franklin  loatitute  of  tbe  StiK 
ot  Pennsylvania  for  the  promotion  of  the  Mechanic  Aria,  on  tiie  F.i- 
PLOSIONS  or  Stka«-Boii,bb.i.  Part  I.— ConlaJriiiig  the  first  report  of 
eiperiments  made  by  the  Committee  for  the  Treosnry  Dcpartmeut  of  il* 
United  States."    Fhaadelphia,  1836.) 


CHAPTER  XXVin. 

ajLKS  FOB  CALCULATING   THE   CHANGE  WHEELS   FOR  SCREWS  O.V 
A  TUBNIXQ  LATHE,   AND  FOR  A  WHEEL- CtnTI>ra  MACHINE. 

Hatiso  long  felt  the  want  of  a  treatise  like  the  present,  on  a 
nibject  hitherto  overlooked,  or,  at  all  events,  barely  mentioned,  by 
all  mechanical  authors,  I  have  been  induced  to  publish  the  res\iltt* 
of  my  experience,  in  the  hope  that  they  may  be  of  some  benefit  to 

i others. 
-  I  am  aware  that  tables  have  been  calculated,  and  that  they  are 
fai  use  in  many  workshops ;  but  they  are  only  adapted  for  screws 
Irf  a  regular  pitch,  as  it  is  almost  impossible  to  have  tables  which 
Iraald  meet  every  case  of  irregular  screws. 
I  trust,  therefore,  that  the  rales  which  I  have  laid  down  will 
enable  any  one  to  calculate  the  proper  change  wheels  without 
difficulty;  and  that  they  will  be  the  means  of  saving  many  hours 
of  valuable  time,  which  is  now  wasted  in  vainly  endeavoring  to 
find  the  right  wheels,  which,  to  the  uniustruc^cd  workman,  must 
always  be  a  matter  of  chance. 


ARITHMETICAL   SIGNS  AND  THEIB  EXPLANATION. 

=  Sign  of  Equality,  12  inches  =  1  foot. 

+  Sign  of  Addition,  or  plus;  2  +  3  =  G ;  2  added  to  8  pro- 
duces 5. 

—  Sign  of  Subtraction,  or  minus;  6  —  4  =  2;  4  subtracted 

from  6  leaves  2. 
X  Sign  of  Multiplication.     6    x    3  =  18 ;  6  multiplied  by  3 
produces  18.     3  is  called  the  multiplier  6  the  muUiplicarul, 
and  13  the  product. 

—  Sign  of  Division.     So  -^  7  =  5.     35  divided  by  7  gives  5. 
35  is  called  the  dividend,  7  the  divisor,  and  6  the  tpiotierd. 

A  horizontal  stroke  is  sometimes  used  as  the  sign  of  Division. 
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In  tbia  case  the  number  to  be  divided  {dieiJend)  ia  placed  aboTO^ 

85 
and  the  number  which  divides  {tlivUor)  below ;  thus,  ^  =  5* 


ON  FBAC'no:f3.  ^^M 

1.  A  Fraction  is  one  or  more  parts  of  a  whole  number,  and  ifl 
produced  by  the  division  of  a  whole  into  any  number  of  parts,  and 
taKing  away  one  or  more  of  them. 

2.  The  figure  denoting  the  number  of  parts  into  which  the  whole 

is  divided  is  called  the  denominator,  whilst  the  one  expressing  the 

number  of  these  parts  of  which  the  fraction  is  composed,  is  called 

4 
the  numeraior.     Thus,  in  the  fraction  g'  ^  is  the  numerator,  and  9 

the  denominator. 

3.  There  are,  properly  speaking,  only  two  aorta  of  fractions, 
viz.,  proper  and  improper.    A  proper  fraction  ia  one  in  which  the 

5    8 

numerator  is  lest  than  the  denominator,  as,  □  ,  r-    -^.n  improper 

fraction  is  one  in  which  the  numerator  is  greater  than  the  denom- 

8     9     8 

inator,  as  =,   t,   ^.    "When  a  whole  number  stands  before  a  proper      i 

fraction,  thus,  Ig  (one  and  five-eighths),  it  is  called  a  miaxd  fraction. 

EEDUCTION    OF    FRACTIONS. 

4.  An  improper  fraction  may  be  reduced  either  to  a  whole  aum- 
ber  or  to  a  mixed  fraction,  by  dividing  the  numerator  by  the  de- 
nominator, thus — 

27_n.       25_ 
3  -  0  .        9-28 

To  reduce  a  mixed  to  an  improper  fraction,  multiply  the  wliols 
number  by  the  denominator,  and  add  the  numerator  to  the  pro- 
duct, which  gives  a  new  numerator,  whilst  the  denominator  re- 
mains the  same ;  thus, 
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COMPARISON   OF   THE   RELATIVE  VALUK3  OF   FRACTIONS. 

5.  In  order  to  compare  two  fractions,  place  thera  aide  by  aide, 

and  multiply  the  numerator  of  each  fraction  with  the  denominator 

of  the  other;  thus, 

2        7 
8x2  =  16        g        g        3x7  =  21 

7  2 

From  thia  we  see  that  „  ia  greater  than  s,  because  the  number 

7  2 

£1  stands  by  the  fraction  -.  whilst  only  16  ia  found  by  „.    If  the 

7 
iliumerator  and  denominator  of  g  be  multiplied  by  3,  the  denomi- 

21  2 

bator  of 'the  other  fraction,  the  result  will  be  „-; ;  and  5-,  when 
'  24 '  8 ' 

wise  multiplied  by  8,  the  denominator  of  the  other  fraction, 
*ill  give  only  ^ ;  thus,  ^  is  greater  than  ^  by  .  ;. 


TO   REDUCE   A   FRACTION   TO   ITS   LOWEST  TERUS. 

6.  "We  have   seen  above,  that  the  value  of  a  fraction  is  not 

ired  by  mulliplying  the   numerator  and   denominator  by  the 

number.    Similarly  the  value  is  not  changed  by  dividing  both 

numerator  and  denominator  by  the  same  number.     It  often  adds 

inch  to  the  Bimplicity  of  an  operation  to  have  the  fraction  as 

possible;  thus 

24_2 

36  ~  3' 

The  numerator  and  denominator  of  this  fraction  can  both  be 

divided  by  12,  because  24  is  made  up  of  2  multiplied  by  12,  or 

2  X  12^24.    Similarly  36  is  produced  by  multiplying  3  and  12 

together,  or  3x12=36. 

When,  however,  either  the  numerator  or  denominator  is  an 
Bncom pounded  or  prime  number,  the  fraction  cannot  be  reduced ; 

23 
BUS,  WA  is  in  its  simplest  form,  because  23  ia  a  prime  number. 

If  the  numerator  and  denominator  be  both  compound,  but  the 
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numljera  of  which  each  are  compounded  do  not  occur  ii 

not  common  to  both,  the  fraction  cannot  be  reduced  ;  thua^ 

25       5 X   6  l_'*_2_>f_^ 

36"  3x12  '  lo~3x^b 

When  a  fraction  can  only  be  reduced  by  an  unequal  number 

above  11,  the  rule  given  above  is  not  so  easy  of  application,  as  the 

numberB  of  which  the  numerator  and  denominator  are  compounded 

^        .  ■,       „     .  1501 

are  not  generally  apparent  at  iirat  sight ;  ior  instance,  -.a^j  cannot 

be  reduced  by  any  number  under  12,  and  it  ia  difhcult  to  ascertain 
hy  inspection  whether  a  greater  number  will  reduce  it.  Tliis  num- 
ber may  however  be  found  by  dividing  the  denominator  by  the 
numerator,  then  the  numerator  by  the  remainder,  proceeding  in 
the  same  manner,  always  dividing  the  previous  divisor  by  the  last 
remainder.  When  the  operation  ia  finished,  the  last  divisor  is  Ui< 
number  which  will  reduce  the  fraction. 


1501)  1817  (1 
1601 
816)  1501  (1 
1264 

1501   79=19 
1817  ■  79=23 

237)  316  (1 
237 

79)  237  (S 


I 


From  this  ws  see  that  the  numerator  and  denominator  of  r-^Tj 
are  both  divisible  without  remainder  by  79. 

REMARKS   ON   THE  DIVISIBILITT  OF  NUMBEBS. 

If  the  laat  Sgure  of  a  namber  ia  divisible  by  2,  bo  is  the  ntnii- 
ber  itself.  If  the  last  two  figures  are  divisible  bv  4,  the  number 
is  also.  If  the  last  three  figures  are  divisible  by  8,  so  is  the  num- 
ber itself.  Every  number  ending  in  0  can  be  divided  by  2,  5,  or 
10 ;  if  it  ends  in  00,  i  will  divide  it ;  and  if  in  000.  it  can  be  di- 
vided by  8.  If  the  sum  of  the  figurcB  of  a  number  be  diviaible 
by  3  or  9,  the  number  itself  can  be  divided  by  3  or  9.  If  th« 
number  ends  in  5  it  can  be  divided  by  6, 


» 
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,  In  adding  two  or  more  fructions  togetLer,  if  the  denomina- 
■tors  are  alike,  add  the  aumerators,  and  place  the  denominator  uoiler 
the  sum  so  found;  thas, 

13"'"r3"~~13   ~13'  8"'^8'~    8    — "s"-"'" 

8.  On  the  other  hand,  if  the  denominators  are  different,  place 
loth  fractions  side  by  side,  and  multiply  the  denominator  of  each 
iction  with  the  numerator  of  the  other  fraction.    Add  both  these 
iducts,  which  gives  the  new  numerator;  and  the  two  deDomi' 
lators  multipUed  together  gives  the  new  denominator. 
2    _    3  _(5x3)+(7x2)  _  15+U       29 
5" ~  Y ~  5x 7~"      "" ^~35~"  ~ 35 

9       8      (14x8)+(9x9)      112  +  81        193 
14  "•"  9  ~  14ir9      "  ~  "126       ~  126  ~   '^'« 

aUBTRACTIOS'. 

fl.  In  subtracting  one  fraction  from  another  it  must  (as  in  Ad- 
pdition)  be  first  ascertained  if  the  denominators  be  alike.    If  so 
subtract  the  lesser  from  the  greater,  which  gives  the  numerator. 
The  denominator  remains  the  same ;  thus, 
7_5_2         1 
8      8~8'  "'"4 
On  the  other  hand,  if  the  denominators  are  not  alike,  multiply 
(as  in  Addition)  the  numerator  of  each  fraction  by  the  denomina 
tor  of  the  other  fraction  ;  and  the  one  by  which  is  found  the  greater 
product  (see  page  325  (5) )  is  the  greater  of  the  two.     The  lesser 
product   is  now  subtracted   from   the   greater,  which  gives  the 
new  numerator,  whilst  the  new  denominator  is  found  by  multiply- 
ing the  two  denominators  together  ;  thus, 

(1.)    3x3=9  3_2  4x2=8 

i      "3 
9—8=1  1 

4x3=12  12 
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(2.)    7x8=66           7_5  9x5=45 
9~8 

66— 4o=ll  11 

9  X  8-72  72 

MDLTIPLI  CATION. 

to.  If  a  fraction  is  to  be  multiplied  by  a  wliole  cumber,  1 

numerator  only  must  be  multiplied ;  thus, 

8  8x2      6       ,,  3     „      3x3      I, 

iX2=^=jorlJ,  gX3=-g-  =  g  =  lJ 

11.  If  one  fraction  is  to  be  multiplied  by  another,  multiplj  | 
two  numerators  and  also  the  two  denominators  together  j  thus^  ^ 

3      4_3^4_12  3^ 

8"  7~8x7~56  °'  14 

12.  Mixed  fractions  must  first  be  reduced  to  an  improper  fomi, 

,,     „       7      17       119         ,  ^ 

Iix2i=jx-j-  =  ^j-g-„r4}  ■ 

DIVISION.  ^ 

13.  If  it  be  required  to  divide  a.  proper  or  an  improper  fractiou 

by  a  whole  number,  divide  the  numerator  by  the  number  (if  it  will 
divide  without  a  remainder),  and  the  quotient  ia  the  new  numera- 
tor, the  denominator  remaining  the  same ;  thus, 

12_         2  ^^fl_^ 

13"^        13  21^        21 

14.  If,  however,  the  numerator  of  the  fraction  is  not  divisible 
by  the  whole  number  or  divisor,  then  multiply  the  denominator  of 
the  fraction  by  the  divisor;  thus 

3.- 3_  _A  *.c t    _1       1 

4-'— 4x7~28  6  •  °  — 6x8~40°''l0 

15.  "When  a  mixed  fmction  is  to  be  divided  by  a  whole  numboi, 
It  must  fitBt  be  brought  into  an  improper  form,  and  then  treated  as 
in  (1)  and  (2);  thus 

iSl-8-".s-   ^^        "9. 
181^8=  j-^S  =  ^  ^  2  =  jg  =2 ,". 
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16,  Observation. — Beginners  who  find  it  difficult  to  recollect  the 
various  rules,  may  make  use  of  the  following  summary,  which  ia 
the  shortest  and  easiest  method  of  performing  division  of  fractions 
of  any  kind.  In  calculating  screw  threads,  multiplication  and  di- 
vision only  are  used. 

17,  When  a  fraction,  either  proper,  improper,  or  mixed,  is  to  be 
divided  by  a  whole  number,  or  by  another  fraction,  which  may 
likewise  be  either  proper,  improper,  or  mixed,  set  the  dividend  on 
the  left  and  the  divisor  on  the  right-hand  side.  If  either  the 
dividend  or  the  divisor  be  a  whole  number,  place  under  it  the 
figure  1,  or  imagine  it  to  he  so  placed ;  then  multiply  the  numera- 
tor and  the  denominator  of  the  dividend  with  the  denominator  and 
the  numerator  of  the  other  fraction ;  thus, 


J  divided  by  J 
2?  ....  1} 
4} } 

f 2 

4      ....      J 


i^i- 


i     or  IJ 


17 

Y 

13       136 

•  '8  —   91 

OP  IS! 

13 
3 

-.  =  ¥ 

or  55 

7 
8 

-  =  ^ 

4 

.,  =  H 

orSJ 

THE  RULE   OF  THREE. 

18.  The  Rule  of  Three  enables  us  to  find  a  fourth  proportional 
to  any  three  given  numbers. 

The  mode  of  proceeding  is  as  follows: — Multiply  the  second 
tenn  by  the  third,  and  divide  the  product  by  the  first  term,  whicli 
will  give  the  fourth  term  sought. 

The  first  term  is  used  as  a  divisor,  whilst  the  second  and  third 
are  multipliers, 

19.  The  terms  must  be  placed  in  the  following  manner: — The 
first  must  be  of  the  same  denomin-ition  or  kind  as  the  third ;  for  in- 
stance, if  the  third  term  be  in  inches,  the  first  must  be  so  likewise. 
The  second  term  must  be  similar  to  the  fourth  term  sought.  Thus, 
in  3  inches.  9  threads  arc  contained ;  how  many  in  one  inch  ? 
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iDPhv,  Thl-oAdt,  Toch. 

3      :       9      ::     1 

3)  9(3 

9 

r.  3  threads  iu  1  ind 

20.  'When  a  0  occurs  at  the  end  of  two  or  more  of  the  terms, 

the  first  and  either  of  the  others  may  be  struck  out  of  each,  thus 

simphfying  the  operation.     If  two  of  the  terms  can  be  reduced  by 

any  number,  it  may  be  done  without  affecting  the  result ;  tliua, 


20 


40  '' 
2)4(2 


2  threads  to  one  inch. 


40  threads  per  inch. 


BnLK  OT  THREE  WITH   FRACTIONS. 

21.  The  three  terms  are  placed  as  before,  the  mixed  fractions 
having  been  first  reduced  to  an  improper  form.  Transfer  the  deno- 
minator of  the  Ist  term  (dividing  term)  to  the  2d  and  3d  terms 
fmultipiying  terms),  and  the  denominator  of  the  2d  and  3d  terms 
to  the  Ist.  Then  reduce  any  two  ormore  of  the  numerators  or 
denominators  by  any  number  which  will  leave  no  remainder.  Then 
multiply  the  2d  and  3d  terms  together  and  divide  by  the  1st.  (Soo 
articles,  Multiplication  and  Division.) 


121 


32^ 


13 

6)13 

2| 


2J  threads  per  inoh. 
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EXAMPLE  2. 
Inchat.  ThrMuto. 

20   :   39}  :: 
20   ;  159   ;; 

4      4 
80   :  169   :: 
80)159(138 
80 

79 


IndL 

1 
1 


lli  threads  per  inch. 


lodi. 
1 
1 

80 

4 


PBOOF. 

m 

169 

80 
169 

80 

159 

4)159 

89| 


Inchat. 

::      20 
::     20 

::     20 


89}  threads  in  20  inchei 


KXPLANATI0:J  of  the  methods  of  calculating  screw  TIIREIDS. 

1.  Cutting  a  screw  in  the  lathe  is  only  a  common  mechaniwl 
operation,  of  which  the  most  important  part  is  the  selection  of  ito 
proper  change  wheels.     The  wheels  may  be  placed  in  two  way*— 

(1)  With  two  change  wheels.  Plate  29,  Fig.  IL  The  midJls 
wheel  serves  only  to  connect  the  two  other  wheels. 

(2)  With  four  change  wheels,  Plate  29,  Fig.  III. 

The  distance  between  the  mandrel  and  t-he  leading  screw  of  a 
lathe  does  not  generally  admit  of  cutting  a  screw  of  more  than  10 
ihreads  to  the  inch,  with  two  wheels  only,  as  the  wheel  tin  tbe 
leading  screw  would  be  too  large,  and  that  on  the  mandrel  too 
small. 

In  the  same  way  for  cutting  coarse  pitched  screws,  auoh  as  J  a 
turn  to  the  inch,  the  second  method  is  generally  used,  or  else  tbe 
wheel  on  the  loading  screw  would  be  too  small,  and  that  on  tbe 
mandrel  too  large.  Thus  the  second  method  is  employeil  for  cut- 
ting screws  of  coarser  pitch  than  }  a  thread,  and  finer  than  lO 
threads  to  the  inch,  and  the  first  method  for  screws  of  a  pitch  inter- 
mediate between  J  a  thread  and  10  threads  to  tbe  inch. 

In  cases  where  a  screw  of  an  equal  pitch,  such  as  Ig  J  threads  to 
the  inch,  is  required  to  be  cut,  which  does  sometimes  happen 
when  a  screw  has  to  be  made  exactly  similar  tn  a  pattern,  the 
Becond  method  mu-st  be  used,  although  the  pitch  is  intermediate 
between  i  a  thread  and  10  threads  to  the  inch.  In  this  instance 
an  error  is  very  likely  to  arise  if  the  pitch  of  tbe  screw  be  not  men- 
Bured  on  a  long  length,  1^3  threads  being  hardly  distinguishable 
from  two  threads  in  a  short  distance.  According  to  the  Rule  of 
Three  (see  Chapter  XXVIII.,  Par.  21),  20  inches  of  a  screw  of  thi» 
kind  contain  3y|  threads. 

Tbiis  it  must  be  observed,  that  in  measuring  a  screw,  to  asasr- 


m 

"         61 

12J 

'■         61 

12i 

"         6| 

13 

"         6} 
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~  tain  its  pitch,  tbe  greatest  possible  length  should  be  made  use  of. 
although  more  exact  fractions  than  ^,  J,  or  {  cannot  be  estimated 
with  accuracy. 

(Figure  I.  represents  a  screw  liaving 
12    threads  in  6    inches  ,., 

2.  In  order  to  ascertain  the  wheels  required  to  cut  a  particular 
Bcrew,  we  must  first  know  the  pitch  of  the  leading  screw  of  the 
lathe ;  for  as  often  as  the  pitch  of  the  leading  screw  is  contained 
in  that  of  the  required  screiv,  so  often  must  the  number  of  teeth 
in  the  wheel  on  the  mandrel  be  contained  in  the  number  in  that  on 
the  leading  screw. 

Divide  the  number  of  teeth  per  inch  in  the  screw  to  be  cut  by 
the  number  per  inch  in  the  leading  screw.  The  quotient  gives  the 
proportion  which  must  exist  between  the  number  of  teeth  in  the 
wheel  on  the  leading  screw  and  the  number  in  that  on  the  mandrel. 

Example  1.— It  is  required  to  cut  a  screw  a,  Plate  29,  Fig,  II, 
of  i  threads  to  the  inch.  The  leading  screw  b  has  2  threads  to 
the  inch.  The  wheel  on  the  mandrel  is  denoted  by  c,  and  that  on 
the  leading  screw  by  d. 

td_a 
Ej^planation  of  the  formula. — The  number  of  teeth  in  wheel  d 
on  the  leading  screw,  divided  by  the  number  in  the  wheel  c  on  the 
mandrel,  must  be  equal  to  the  number  of  teeth  per  inch  in  the 
■,4crew  to  be  cut  divided  by  the  number  per  inch  in  the  leading 
Remark. — If  the  quotient  be  a  whole  number,  a  unite 
t  be  placed  under  it. 

■  the  proportional  number. 

I  .  n^^^  li  (numerator). 
=4U  c  (denominator). 
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3.  Tbe  number  of  teeth  per  inch  in  the  required  screw  a  masl 
be  divided  by  the  .number  per  inuh  in  the  leading  screw  i.  4 

divided  by  2  gives  2,  or  --.  The  number  2  (numerator)  represcnU 
the  wheel  d  on  the  leading  screw,  and  the  number  1  (denominator) 
represents  the  wheel  c  on  the  mandrel.  The  numerator  and  denora- 
Inator  {2  and  1)  are  now  to  be  multiplied  by  any  arbitrary  number ; 
40  is  the  one  here  chosen,  which  shows  us  that  the  wheel  d  (>")• 
on  the  leading  screw  must  contain  80  teeth,  and  the  whee!  c  {D)t 
on  the  mandrel  will  be  one  of  40  teeth. 
Pwo/. 

c 

Exp'ianatian  of  tlie  formula. — The  number  of  teetb  in  wheel  d 
on  the  leading  screw  divided  by  the  number  m  the  wheel  c  on  the 
mandrel,  and  the  product  multiplied  by  the  number  of  teeth  per 
inch  in  the  leading  screw  b,  is  equal  to  the  number  of  teeth  per 
inch  in  the  screw  a  required  to  be  cut. 
a=  4  threads 
■       "  1-2 

K26=4a 


c=40    teeth 
rf=80     . . . 


We  have  already  observed  that  the  number  of  teeth  in  wheel  d 
(N)  on  the  leading  screw  divided  by  the  number  in  wheel  c  (D)  on 
the  mandrel  must  be  equal  to  the  number  of  threads  per  inch  in 
the  required  screw  a  divided  by  the  number  per  inch  in  the 
leading  screw  b.  Tlierefore  the  driven  screw  a  and  the  driven 
wheel  d  on  the  leading  screw  must  represent  the  two  numerators, 
whilst  the  dri\'ing  leading  screw  b  and  the  driving  wheel  c  on  the 
mandrel  represent  the  two  denominators. 

4,  The  wheel  of  40  f«eth  c  on  the  mandrel  makes  2  revolutions 
whilst  the  wheel  of  80  teeth  d  on  the  leading  screw  makes  1  revo- 
lution. By  this  motion  the  tool  will  have  been  advanced  through 
the  space  of  half  an  inch,  marking  upon  the  screw  to  be  cut  (which 
makes  2  revolutions)  2  equal  divisions.  But  as  the  leading  screir 
must  make  2  revolutions  in  order  to  advance  the  tool  1  inch,  the 
remaining  half  inch  is,  as  before,  divided  into  2  other  equal  parts. 


f  Denominator. 
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Two  half  inches  being  both  dh-ided  into  2  parts  makes  4  divisions 
in  one  inch,  which  is  the  number  per  inch  in  the  required  screw  n, 
Exampk  2. — It  is  required  to  cut  a  screw  of  Ij  threads  to  the 
inch,  the  leading  screw  being  the  same  as  in  previous  example. 

JL 

7  7 

— ^2^Q  the  proportional  number, 

4  8 

ESP 

yea 


.jOd. 


ESPLASAnOX   OF  THE   SECOND  UETHOD  WITH   FOUR  WHEELS, 


S.  The  use  of  4  wheels  has  the  advantage  of  allowing  the  arbi- 
selection  of  one  pair  of  wheels,  the  other  pair  being  found 
ly  calculation.  The  principle  is,  however,  the  same  as  when  using 
two  wheels,  except  that  the  proportion,  instead  of  being  between  a 
pair  of  wheels  is  between  two  pair  of  wheels. 

Tlie  quotients  of  each  pair  of  wheels  when  multiplied  together 
will  be  equal  to  the  proportion  between  the  leading  screw  fi  and 
the  required  screw  a. 

Exampk  1. — It  ia  required  to  cut  a  screw  a  of  18  threads  to  the 
inch.     The  leading  screw  6  has  2  threads  to  the  inch. 

c  represents,  in  Fig.  III.,  Plate  29,  the  driving  mandrel  pinion. 

d  the  driven  stud  wheel,  e  the  driving  stud  pinion,  /  the  driven 

leading  screw  wheel.     Then 

d  f  a 
-  X  -  =  r 
e        e        b 

Explanation  of  the  formula. — The  number  of  teeth  in  the  driven 
stud-wheel  d  (N)  dividetl  by  the  number  in  the  driving  mandrel 
pinion  c  (D)  and  multiplied  by  the  number  of  teeth  in  the  driven 
screw  wheel  /  (N)  divided  by  the  number  in  the  driving  stud 
pinion  e  (D),  is  equal  to  the  number  of  threads  per  inch  in  the 
required  screw  a  divided  by  the  number  per  inch  in  the  leading 
screw  h. 

As  mentioned  before,  we  may  select  a  pair  of  toothed  wheels, 
but  the  fraction  which  they  form  must  be  exactly  observed,  and  aa 
the  required  screw  contains  more  threads  per  inuh  than  the  leading 
screw,  it  will  be  ob^-ious  that  the  wheels  of  the  numerators  must 
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be  larger  tlian  those  of  tlie  (3 e nominators.     I^  however,  the  rt- 

quired  screw  contain  less  threads  per  inch  than  the  leading  Kitir, 

the  wheels  of  the  denominators  must  be  larger  than  those  of  llie 

numerators. 

Select,  for  instance,     60  numerator      1  3 

40  denominator  )  2 

The  proportional  number  between  the  required  screw  and  ilia 

leading  serew  would  be  as  follows : 

a  18 

,    n"  =  9  the  proportional  number. 

Consequently  a  whole  number  or  a  fraction  must  be  fjuQil, 
which,  multiplied  with  the  chosen  fraction  ^i  produces  the  propor- 
tional number  9. 

As  the  proof  of  multiplication  ia  division,  and  proof  of  division 
multipli-jation,  the  proportional  number  9  is  simply  to  be  dirid«d 

3 

by  the  fraction  „  ■ 

r.  3  18  „ 

9-^2  =  -3,or6. 

As  the  factor  of  the  two-toothed  wheels  found  is  a  whole  nd 

ber,  a  1  may  be  put  in  place  of  the  denominator,  as  Y'  and  moj 

ply  the  numerator  6  and  the  denominator   1  by  any  arbitn 
number ;  for  instance, 

16  =  120  the  driven  wheel /{N)  on  leading  screw. 
^"  '^  I  i  =  20  the  driving  wheel  e  (D)  on  stud. 
The  two  pair  of  wheels  may  either  be  placed  on  a  mandrel,  d 
on  the  leading  screw.  It  is,  however,  to  be  observed,  that  thj 
pair  containing  the  largest  wheel  ia  placed  on  the  leading  screw. 
If  this  be  not  done,  the  large  wheel  d  on  the  stud  representing 
the  numerator  would  not  allow  the  wheelseand/to  work  together, 
because  the  large  wheel  on  the  stud  would  touch  the  leading  screw. 
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PROOF   OF   THE   EXAMPLE. 

e  e 
Explanation  of  the  formula. — The  number  of  toetk  in  wbet;l  rf 
vidwl  by  that  in  c,  and  raultipHed  by  the  number  of  teeth  in/ 
ivided  by  that  in  «,  and  this  product  again  multiplied  by  the 
imber  of  threads  per  inch  in  the  leading  screw  b,  is  equal  to  tho 
imber  per  inch  in  requiriKi  screw  a. 

d60  _3        /    120_g  6x^~-^~ 

9x6  =  9x2  =  18  =  0 
6.  Whilst  the  wheel/  on  the  leading  screw  of  120  teeth  (N) 
»kea  one  revolution,  the  wheel  e  on  the  stud  of  20  teeth  (D) 
ikes  6  revolutions.     And  whilst  the  wheel  d  on  the  stud  of  60 
Bth  (N)  makes  1  revolution,  the  wheel  c  on  the  mandrel  of  40  teeth 

►)  makes    >  or  1 J  revolutions.    But  aa  tlie  wheels  a  and  d  on  the 

nd  are  coupled  together,  the  wheel  c  must  make  6  x  IJ  =  9 
volutions.  The  pitch  of  the  leading  screw  being  J  an  inch,  it 
ishes  the  tool  that  distance  forward  during  each  revolution,  mark- 
g  9  equal  divisions  upon  the  screw  to  be  cut  As,  however,  the 
iding  screw  must  make  two  revolutions  to  advauce  the  tool 
rough  the  space  of  1  inch,  the  remaining  half  inch  is  likewise 
■vided  into  9  other  equal  parts,  which  gives  a  screw  of  the  pitch 
quired,  viz.,  18  threads  to  the  inch. 

It  is  required  to  cut  a  screw  which  shall  contain  15J  threads  in 
I  inches. 


12 


loj         ::        1 

63  ::        1 

^  (liii  or  li^fl  threads  per  inch. 
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Thus,  according  to  the  Rule  of  Three,  the  screw  will  contain 
li'ij  tiircads  per  inch 

lo  oz 

nnir  of  r,Tifln(Tfi  wlie«!s  ,  _  , 

UOc 
21      ,      S4  7        7  I    „  ,„  =  70/ 

In  a  length  of  20  inches  a  screw  contains  39J  threads;  hoit 
many  are  there  to  the  inch  ? 

"T     :     T}'     .    'T 

4 

80         :         ir)9         ::        1 

80)  159  {III  threads  per  inch. 

.     .  J-2  :=  —  the  proportional  number. 
80  160         '     '^ 


159        ,_636       _  53         63  )       ,_106/. 
160*'~480."~40-        Jot"''-   80,. 

ANOTQKK   METHOD   OF   CALCULATING   WITH   FOUR  WHEELS. 

7.  There  is  also  another  method  of  calculating  when  four  wheels 
are  employed,  which  is  as  follows ; 

Divide  the  number  of  teeth  per  inch  in  the  retjnired  screw  by 
the  number  par  inch  in  the  leading  screw;  change  the  quotient  (if 
II  whole  number)  into  a  fraction  by  placing  a  unit  under  it.  IE 
however,  the  quotient  should  be  a  fraction,  either  proper  or  im- 
proper, it  must  be  reduced  to  its  lowest  terms.  The  numerator 
and  denominjitor  must  next  eatsh  be  resolved  into  two  factons. » 
nearly  equal  aa  possible,  or,  in  other  words,  two  numbers  must  U 
found,  which,  when  multiplietl  together,  will  form  the  numeTat"r, 
und  two  othera  which,  when  multiplied  together,  will  form  ihfl 
denominator.     Should  either  the  numerator  or  denominator  bt  * 
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prime  number,  one  of  tbe  factors  will  be  1,  and  the  other  the  nura- 
ber  ilaelf. 

8.  Tlie  factors  of  the  numerator  arc  now  to  be  multiplied  by  any 
two  arbitrary  numbers.  The  factors  of  the  denominator  are  also 
to  be  multipliod  by  any  two  numbura  whose  product  is  equal  to 
the  product  of  the  numbera  by  which  the  tactora  of  the  numer- 
ator were  multiplied. 

The  two  figures  of  the  numerator  represent  the  one,  the  wheel/ 
which  is  to  be  placed  on  the  leading  screw  6,  and  tbe  other  the 
wheel  (I  on  the  stud.  These  wheels  do  not,  however,  work  into 
each  other.  The  two  figures  of  the  denominatoi  give  the  number 
for  the  wheel  c  on  the  mandrel,  and  for  the  wheel  e  on  the  stud 
which  wheels  likewise  do  not  work  into  each  other. 

Observation. — The  two  wheels  /  and  <l  (numerators)  are  inter- 
changeable with  each  other,  as  are  also  tbe  wheels  c  and  e  (denomi 
nators). 

1.  Example. — It  is  required  to  cut  a  screw  of  2J  threads  to  the 
inch, 

9  9 

3 -i-  2  =  5  tbe  proportional  number. 

The  numerator  resolved  into  2  factors  gives    S  %  i=9 

2x4=8 

9     3x20=  60J  3x30=90/  20x30=600 

S    2x~6b=120c  4xlO=-10«  60x10=600 

The  common  product  of  the  assumed  factors  is  600,  which  is 
produced  by  multiplying  together  tbe  assumed  Cictors  of  the  nu- 
merator {20  X  30=600).  and  also  hy  multiplying  together  the 
ftssamed  factors  of  the  denominator  (60  x  10=600). 

20  multiplied  by  the  factor  3  gives  the  wheel  d  of  60  teeth  1  ^j 
30         .  .  3  .  .       /   .   90   .    .    f^ 

60        .  .  .         2  .  .        c    .  120   .    .    '  T, 

,10        .  .  .        4  .  .        e    .  40   .    .    i'^ 

I  JSxamplei. — It  is  required  to  cut  a  screw  of  21  threads  to  the  inch. 

'  1  ^  7  the  proportional  number. 


(20= 


ilOO=/        30x20=600 
.  60=w        20x30=600 


3iO 
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Example  3. — It  is  required  to  cut  a  screw  4]^  threads  to  tbs 
inch. 

-2-^2  =  q^  the  proportional  number. 

75    16x    5=75t?  6x20=100/  5x20=100 

32    4\10=40c  8x10=  80 «  10x10=100 

There  are  some  lathes  in  which  the  mandrel  wheel  cannot  bn 

changed,  or,  at  all  eveote,  can  only  be  increased  or  diminished  to 

the  extent  of  a  few  teeth,  on  account  of  the  setting-np  Bcrew  of 

the  mandrel  being  in  the  way. 


4 


TTITII    TH'O   WHEELS. 

Divide,  as  before,  the  number  of  teeth  per  inch  in  the  screw  to 
\)z  cut  by  the  number  per  inch  in  the  loading  screw.  The  quotient 
gives  the  proportion  between  the  number  of  teeth  in  the  wheel  oii 
the  mandrel  and  that  on  the  leading  screw. 

It  is  required  to  cut  a  screw  of  6  threads  to  the  inch,  the  lead- 
ing screw  having  2  to  the  inch,  and  the  fixed  wheel  c  on  the  man- 
rtrel  30  teeth.  How  many  teeth  must  there  be  in  the  wheel  Mi 
the  leading  screw  d  7 

The  proportion   between   the   required   and   leading  screw  is 
6 
==3,  or  aa  1  to  3,  the  proportional  number. 

The  number  of  teeth  in  the  driving  wheel  c  on  the  mandrel 
must  then  be  contained  three  times  in  the  number  in  the  wheel  i 
on  the  leading  screw. 

3  X  30=90,  number  of  teeth  in  wheel  on  leading  screw. 


WITH  Four  ttheels. 


Find  the  proportional  number  aa  before,  and  if  a  wheel  Tcpta 
senting  a  numerator  is  to  be  calculated  (it  may  be  either  lis 
wheel  d  on  the  stud  or  the  wheel  /  on  the  leading  screw),  mul- 
tiply the  number  of  teeth  in  the  two  wheels  chosen  (D)  into  e«<A 
other,  and  also  into  the  proportional  number ;  divide  the  prodnct 
by  the  number  of  teeth  in  the  given  wheel  (N),  and  the  qocptitot 
will  be  the  number  of  teeth  in  the  wheel  sought  (N). 


rrt«     i 
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Example. — It  is  required  to  cut  a  screw  of  20  threads  to  tlia 
inch. 

The  wheel  c  (D)  ou  the  mandrel  has  40  teeth, 
d(tJ)  .      .    stud     .     .     oO   .     . 

.         ■        nD) 15    .     . 

How  many  must  the  wheel  /  on  the  leading  screw  have  ? 


2 


=  10  the  proportional  number, 
<10 


=  120  teeth  in  wheel  / 


cxexlO  40  X  15  X 

J^~^  50 

On  the  other  hand,  should  a  wheel  representing  a  denomiDator 
be  sought,  divide  the  product  of  the  number  of  teeth  in  the  two 
wheels  (N)  by  the  product  of  the  given  (D)  wheel  and  the  pro- 
portional number. 


rfx/ 
10x"e  ' 


10  X  15  " 


There  are  some  lathes  in  which  the  mandrel  is  connected  with 
the  leading  screw  by  a  triple  arrangement,  consisting  of  3  pairs 
of  wheela,  or  3  fractions.  The  proportions  in  this  position  qf  tha 
wheels  remain  the  same  as  when  4  wheels  are  used,  but  with  this 
difference,  that  the  proportion  of  2  pairs  is  contained  by  3  pairs 
working  together. 

Therefore  the  quotients  of  the  number  of  teeth  in  the  3  pairs  of 
wheels  must  be  multiplied  together,  and  the  product  will  be  equal 
to  the  proportion  between  the  required  screw  a  and  the  leading 
screw  b. 

Example. — It  is  required  to  cut  a  screw  of  24  threads  to  tho 
inch. 

24 

n  =  12  the  proportional  number. 

In  these  cases  we  may  choose  any  two  pairs  of  change  wheels. 

3x2=6    product  of  the  two  pairs  of  wheels 

"We  have  here  (as  before)  to  find  that  number  which,  when  mul 
tiplied  by  6,  sliall  produce  the  proportional  number  12. 

Proportional  number _  _  o 

Product  of  the  two  assumed  pairs  of  wheels    6 


^      2    ?5_ 
20  30 
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2 

2  or  3-  multiplied  by  any  arbitrary  number,  30  for  instance, 

gives 

J  |x30~|2!  tte  third  pair. 

As  already  mentioned  (par.  5,  6),  the  largest  wheel  must  be  (ffl 
the  leading  screw.     The  arrangement  then  will  be  as  follows: 
The  wheel 

/  of  90  teeth  will  be  placed  on  the  leaiimg  screw  (N) 

e   "  30 stud  (D) 

rf  ■'  40 (N) 

c  "   20 mandrel  (D) 

"   60  second  stud  will  work  in  wheel  e  (N) 

"30 /  (D) 

Example  2.— It  ia  required  to  cut  a  screw  of  f  of  a  thread 
the  incb. 


2  :  J  ^  oi^ft  proportional  number. 
Assumed  pairs  of  change  wieela. 


40  "'  4 


70         7         21    3      96         12       4     4)      ,^=40 
80  "'■^  8         32  =8==r68  or  gfor  ^  ;  ^  N  10_.„- 


I 


It  occasionally  happens  that  the  leading  screw  of  the  lathe  is  of 
an  unequal  pitch,  but  the  same  rules  are  to  be  used  as  in  ordinary 

Example. — It  is  required  to  cut  a  screw  of  2  J  threads  to  the 
incli,  the  leading  screw  having  IJJ  threads  to  the  inch, 

5      95       240        24  ,  ■       ,  ^ 

n-^-To  =  TafC  or  i-^  tUc  proportioual  number. 

Assumed  pair  of  change  wheels, 

ma      3     3     24     98       32     82  j  =160/' 

P9  80  c  or  4     4"^19==57"^"'l9'  19  f  '"'=  9o. 

In  order  to  cut  a  left-handed  screw  a  carrier  wheel  ia  interposed 
between  the  mandrel  and  stud-whenls.  This  is  however  not  taken 
into  account  in  calculation,  as  it  merely  serves  to  reverse  the 
motion. 
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METHOD   OP    CALOHLATINQ    THE    CHANGE  WHEELS   IN   A   WH^ 
CUTTING   MACHINE. 

9.  Figure  IV.,  Plate  29,  sliowa  tte  priacipal  parts  of  a  wheel- 
cutting  machine,  a  represents  the  wheel  to  be  cut,  b  the  tangent 
wheel,  c  the  wheel  on  the  division-plate;  rf  the  wheel  on  the  tangent 
Bcrew-Bpiniile,  and  e  the  number  of  revolutiona  of  the  division- 
plare. 

The  formula  for  the  calculation  of  the  change  wheels  is  as  fol- 
lows: 


The  number  of  teeth-whiiel  c  on  the  division-plate  divided  by 
the  number  in  wheel  d  on  the  tangent  screw-spintlle,  and  the  quo- 
tient multijjlicd  by  the  nural>er  of  revolutions,  will  be  equal  to  the 
number  of  teeth  in  the  tangent  wheel  b  divided  by  the  number  of 
teeth  in  the  wheel  to  be  cut  a. 

It  is  required  to  cut  a  wheel  of  60  teeth.  The  tangent  wheel  b 
contains  180  teeth,  and  the  division-plate  e  makes  2  revolutions. 

The  division -plate  may  be  assumed  to  make  J,  J,  1,  2,  3,  4,  io- 

revolutions,  but  the  greater  the  number  of  teeth  in  the  wheel  w 

be  cut,  the  fewer  revolutions,  there  should  be  of  the  division -pliile. 

180 

-„-=60  the  proportional  number. 

The  conditions  of  the  ease  are  here  just  contrary  to  screw-cutting. 
The  uumber  of  teeth  in  the  wheel  to  be  cut  represents  the  denomi- 
nator, and  the  number  in  the  tangent  wheel  the  numerator.  It 
follows,  therefore,  that  the  number  of  teeth  in  the  driving- wheel  t 
on  the  division- plate  must  represent  the  numerator,  and  the  num- 
ber in  the  driven-wheel  d  on  the  tangent  screw -spindle,  the  deno- 
tninator. 

The  number  of  teeth  in  the  wheel  to  be  cut,  a,  is  contained  S 
times  in  the  number  in  the  tangent  wheel  6;  therefore  the  number 
in  the  wheel  c  on  the  division-plate,  divided  by  the  number  in 
wheel  d  on  the  tangent  screw -spindle,  and  multiplied  by  the  nani- 
ber  of  revolutions,  must  also  be  equal  to  3. 

10.  We  have  here  (aa  in  calculating  change  wheels  for  scren'- 
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BfiQtting  when  4  are  used)  to  find  a  number  or  fraction,  wliich,  when 

Kmoltiplied  by  2,  shall  produce  3. 

I  M  =30. 

I      The  proportional  number  3  divided  by  2  (revolutiona)  gives  — 

MB  a  quotient.     The  numerator  and  denominator,  multiplied  by  any 

nrbitrary  number,  10  for  instance,  gives  — ,  which   shows   us   that 

mjKbe  driving-wheel  c  of  30  teeth  (N)  must  be  on  the  division-plate 
iflpindle,  and  the  driving-wheel  d  of  20  teeth  (D)  on  the  tangent 

ftacTi^w-spiudle. 

K  PROOF. 

■  o30       3      3     „    6      ^ 
I                                  rf20°'"2'     2^2-2  «^3 

■  The  number  of  teeth  in  the  wheel  c  on  the  division-plate  spindle 
Rimvided  by  the  number  in  wheel  d  on  the  tangent  screw-spindle. 
Mod  the  quotient  nmltiplied  by  2  (the  number  of  revolutions),  gives 
Btbe  proportional  number  3. 

I  Whilst  the  wheel  c  (N)  of  SO  teeth  on  the  division-plate  spindle 
Kinases  1  revolution,  the  wheel  d  (D)  of  20  teeth  on  the  tangent 
Rcrew-spindle  makes  IJ,  But  aa  the  division-plate  must  revolve 
twice,  the  wheel  rf  on  the  tangent  screw-spindle  will  make  2x1^=8 
revolutions.  Also,  whilst  the  tangent  screw  makes  1  revolution, 
the  tangent  wheel  will  make  j|o  of  a  revolution,  as  it  is  moved 
one  tooth  forward;  but  as  the  tangent  screw  makes  3  revolutiona, 
the  tangent  wheel  will  have  been  moved  through  ylj  or  j'o  of  a  revo- 
lution. Therefore,  for  each  double  revolution  of  the  di\-is!on-plate, 
the  tangent  wheel  makes  j'j,  of  a  revolution ;  and  as  the  wheel  to 
be  cut  is  to  contain  60  teeth,  the  division-plate  must  make  60 

1      60 
double  revolutions,  and  the  tangent  wheel  60Xjr(i=u7j=l  revolu- 

m,  whilst  the  wheel  is  being  cut 
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CHAPTER  XXX. 

THE   MASAGEMEST  OF  STEEL, 

FOROmo,  tardening,  and  tempering  of  steel  is  an  art  very  mucli 
■dmired ,  the  agreeable  exercise  it  aSbrda  to  tlie  mind,  the  beauty 
ind  utility  of  its  use,  often  entice  the  young  raechaiiio  to  try  his 
ikiU,  or  rather  to  gain  a  little  knowlevlge  of  the  tools  he  uses ;  and 
t  will  be  my  endeavor  to  point  out  the  way  in  as  simple  a  manner 
IS  possible,  which  will  enabl©  the  most  inexperienced  to  gain  a 
jerfeot  knowledge  in  the  hardening  and  tempering  of  the  tools 
diey  use,  likewise  the  qualification  a  tool  should  have  to  be  eon- 
tdered  a  good-shaped  tool ;  and  it  will  not,  I  presume,  prove 
uninteresting  to  the  general  reader.  It  is  an  art  of  long  standing; 
Ifcut  by  whom  or  when  it  was  first  adopted  I  am  not  prepared  to  de- 
le. In  this  place  it  claims  notice  on  account  of  its  contributing 
essentially  to  the  perfection  of  all  other  arts;  and  having  had 
tang  experience  in  the  art,  and  wrought  among  thousands  of  dif- 
Ibrent  mechanics,  I  have  had  an  opportunity  of  seeing  that  such  a 
Vprk  as  the  present  is  wanting  among  them ;  and  being  prevailed 
upon  to  write  it,  I  have  taken  the  advantage  of  a  few  leisure  hours, 
merely  to  write  hearsay,  but  practical  experience. 


OS  THE  FOBGD-'Q  OF  STEEL. 

Steel  being  one  of  the  most  valuable  metals  in  general,  and  re- 
quiring great  care  in  the  forging,  hardening,  tempering,  and  an- 
ing,  and  the  management  of  it  in  general,  I  think,  after  having 
nearly  twenty  years'  good  practice,  and  experience  and  study 
jmbiuerl,  I  am  now  able  to  give  a  little  information  to  those  wbo 
live  not  had  ao  much  to  do  with  it  as  I  have ;  and  any  thing  that 
here  stata  is  from  my  own  practiwil  experience;  and  by  follow- 
ig  the  plans  I  shall  here  give,  the  artist  will  meet  with  every 
iccess.     There  are  many  people  who,  for  the  want  of  a  litUe 
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useful  knowledge  on  steel,  refrain  frwm  making  many  a,  gooil ' 
because  they  say  it  is  sure  to  erat^k  in  liardening;  but  if  llie  st 
is  good,  and  not  been  spoilt  in  forging  the  article, by  follow 
plans  they  never  need  be  afraid  that  it  will  be  a  waster, 
are  tons  of  the  very  best  steel  condemned  as  bad  steel — at  th 
time  it  is  the  forging  of  it  that  has  made  it  bad,  through  n 
having  a  proper  knowledge  in  the  management  of  it;  and  tbffll 
masters  who  study  their  own  interest  will  only  employ  those  n 
for  the  forging  of  steel  on  whom  they  can  most  depend, 
have  seen  plenty  of  the  very  best  steL-l  destroyed,  and  have  even 
heard  men  remark  to  each  other,  "  Make  it  well  hot — it  will  work 
the  easier,"  and  I  have  felt  what  a  sad  thing  it  was  to  see  men  that 
kTiew  better ;  yet  they  would  destroy  their  employer's  properK. 
Therefore  I  say,  as  justice  to  the  manufacturer  and  supplier  of 
Bteel,  it  becomes  masters  to  put  those  men  only  at  the  forging  ot 
steel  on  whom  they  can  most  depend. 

In  forging  of  cast-steel  the  fire  must  be  regulated  by  the  size  of 
the  work ;  and  in  heatiug  the  steel,  when  the  flames  begin  to  breat 
out,  beat  the  coals  round  the  outside  of  the  fire  close  together  with 
the  slice  to  prevent  the  heat  from  escaping.  To  save  fuel,  damp 
the  coal,  and  throw  water  on  the  fire  if  it  extend  beyond  its  proper 
limits.  To  ascertain  the  heat  of  the  steel,  draw  it  out  of  the  fire, 
and  that  often,  for  it  requires  to  be  well  watched  to  heat  the  steel 
properly ;  and  if  not  hot  enough,  thrust  it  quickly  iu  again.  Soft 
coke  is  even  better  than  coal  for  the  fire.  The  beat  the  steel  re- 
ceives is  judged  of  by  the  eye  ;  and  care  should  be  taken  not  to 
use  a  higher  degree  of  heat  than  is  absolutely  necessary  to  effect 
the  desired  purpose,  and  to  use  as  few  heats  as  possible ;  too  fre- 
quent and  overheating  steel  abstracts  the  carbon,  gradually  reduc- 
ing it  to  the  state  of  forged  iron  again.  It  is  an  idea  of  many 
men,  that  so  long  as  the  steel  does  not  fly  to  pieces  when  they 
strike  it  with  the  hammer,  it  is  not  too  hot ;  but  it  is  an  erromjoiis 
idea,  and  easily  proved  when  it  comes  to  be  hardened,  and  when 
it  comes  to  be  used ;  but  it  is  an  idea  that  many  men  will  maintain, 
but  it  is  only  for  the  want  of  knowing  better,  and  I  hope  that  this 
will  have  the  effect  of  altering  their  opinion.  I  can  safely  say  tbt 
no  man  will  ever  injure  the  steel  by  being  too  careful  how  he  takes 
his  beats.  Cast-steel  may  be  welded  by  boiling  sixteea  parts  ot 
borax  and  one  of  sal  ammoniac  together  over  a  alow  fire  for  I 


THE   MANAGEMENT  OF  STEEL.  349 

lOUT,  and  when  cold  to  be  ground  into  a  powder.  The  steel  must 
Iben  be  made  aa  hot  as  it  will  conveniently  bear,  and  the  borax 
used  as  SEnd, 

ON   THE   HARDENING   OF   STEEL. 

Now  my  object  is  to  show  the  reader  some  of  the  cbtef  causes 
of  steel  breaking  in  hardening,  and  likewise  to  give  a  few  remedies 
to  prevent  these  causes ;  and  I  am  sure,  from  my  own  experience, 
that  whoever  tries  them  will  find  them  correct.  In  the  first  place;, 
I  wish  to  apprise  the  reader  tliat  nil  bright  stciil  requires  a  coating 
of  some  description  before  pnlling  it  in  the  water,  more  especially 
"whea  the  article  runs  large,  or  the  sudden  action  of  the  water  on 
the  outside  of  the  steel  in  most  instances  is  sure  to  crack  it  As  a 
proof  of  this,  take  a  piece  of  steel  cut  from  a  bar  witb  the  skin  on, 
harden  it  as  often  aa  yon  please,  and  you  will  find  that  it  is  a  very 
uncommon  thing  for  that  either  to  crack  or  break,  if  it  is  not  made 
too  hot ;  but  take  the  same  piece  of  steel,  or  another  piece  from 
the  same  bar,  file  or  turn  it  bright,  it  is  quite  likely  to  break  the 
first  time  it  is  hardened.  As  a  proof  that  the  skin  on  the  steel 
prevents  the  water  from  acting  so  suddenly  on  the  outside  of  the 
steel,  in  cooling  it  so  much  sooner  than  the  middle,  comraon  turn- 
ing-tools will  always  stand  better,  and  keep  a  finer  edge,  if  the 
tools  are  hardened  from  off  the  hammer  with  the  skin  on,  to  what 
they  will  if  they  are  either  filed  or  ground  before  hardening ;  that 
is,  if  tbe  heat  of  the  steel  is  regulated  so  as  not  to  require  temjjer- 
ing  after  being  made  hard,  as  the  most  useful  hardness  is  produced 
by  that  degree  of  heat  which  is  just  sufficient  to  effect  the  purpose; 
for  the  hardness  of  steel  depending  upon  the  intimate  combination 
of  its  carbon,  therefore  the  heat  which  effects  this  is  the  beat.  But 
there  are  a  number  of  tools  used  in  the  turnery  that  car.not  bo 
ground  after  hardening,  therefore  these  must  be  fitted  up  with  tho 
file,  and  the  necessary  precautions  used  in  hardening  them ;  for 
not  being  able  to  grind  them  after  they  are  hardened,  owing  to 
their  peculiar  shapes,  it  is  a  matter  of  importance  that  these  should 
stand  well,  for  were  the  edge  to  chip  through  being  a  little  too 
hard,  or  the  edge  to  rub  oft'  through  being  a  little  too  soft,  the  tool 
Baust  be  softened  and  fitted  up  again,  and  in  manv  instances  the 
tool  would  be  wholly  useless,  for  the  proper  size  of  it  would  be 
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gone.  Therefore,  if  extra  care  is  to  be  taken  with  aomc  too\s,  v 
ia  the  like  of  tools  that  cannot  be  repaired.  But  all  tooU  that  can 
be  ground  after  being  hardened  are  the  better  for  being  hardened 
with  the  skin  on  the  steel;  and  if  the  tool-smith  understands  hia 
business,  he  knows  the  proper  shape  of  the  tools  as  well  as  iha 
meehanic  who  is  using  them,  and  he  will  give  very  little  grinding 
on  the  tools,  and  for  water-eracka  there  will  be  none.  In  the 
hardening  of  steel,  it  demands  a  nicety  of  management  which  soma 
artista  are  not  often  very  anxious  to  display,  as  I  shall  here  show, 
that  some  would  not  give  themselves  the  trouble  to  do  what  they 
really  know  is  rei^uiaite  to  do  before  they  put  the  article  in  the 
fire,  therefore  they  put  it  in  and  chance  their  luck.  But  hick  has 
never  been  my  motto — success  is  what  I  always  aimed  at ;  and  it 
has  always  been  my  plan,  if  I  never  gained  credit  to  take  care  I 
never  lost  any ;  and  I  hope  this  will  act  as  a  word  of  advice  to 
many  young  men  just  starting  in  the  world.  Before  putting  any 
article  in  the  fire  it  i.s  necessary  to  examine  its  shape,  as  every 
article  has  a  particular  way  in  which  it  should  go  into  the  water; 
therefore,  it  is  requiaite  to  know,  before  it  ia  put  into  the  fire, 
which  way  it  is  to  be  put  into  the  water  when  it  is  drawn  from 
the  fire;  likewise  the  water  has  to  be  studied  into  which  the  arti- 
cle is  put,  and  likewise  the  heat  on  the  article  before  it  is  put  in 
the  water,  and  the  position  of  it  in  putting  it  in  the  water.  Water 
that  is  intended  for  hardening  with  should  never  be  dead-cold; 
and  the  heat  of  the  article,  if  the  steel  ia  gooti,  should  never  ex- 
ceed that  of  a  low  i-ed  heat ;  for  if  the  water  ia  dead-cold,  and  the 
Bteel  a  little  too  hot,  there  ia  as  much  risk  of  its  breaking  as  there 
is  by  pouring  boiling  water  into  a  glass  bottle;  for  dead-cold 
water  acting  so  sudden  on  the  outside  of  the  steel,  the  expansion 
of  the  middle  is  more  than  the  outside  can  bear,  so  it  causes  the 
Bt:el  to  break;  therefore,  to  avoid  such  risk,  get  a  quantity  of 
lighted  charcoal,  or  a  bar  of  ignited  iron,  and  put  it  in  the  water, 
just  sudicient  to  take  the  chill  off;  in  dipping  any  article  in  the 
water,  if  there  is  a  stout  part  and  a  thin  part,  always  let  the  stout- 
est part  go  in  the  water  first,  and  as  near  the  centre  of  the  water  as 
possible,  so  that  there  ia  an  equal  pressure  of  water  surrounding  it; 
hy  putting  the  stoutest  part  in  the  water  foremost  it  causes  the 
article  to  cool  more  equal,  whereas  if  the  thin  part  be  put  in  the 
water  foremost  it  is  cold  first,  and  the  stout  part  ha\-ing  to  contraut 
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after  tlie  lliin  part  is  cold,  the  tliin  piirt  cannot  give,  consequently 
it  has  to  break.  But  this  cannot  always  be  done,  aa  there  are  no 
means  of  getting  the  stoutest  part  of  some  articlea  in  the  water 
foremost ;  for  instance,  such  an  article  as  a  feather-edge  milling- 
outter,  and  many  other  things  which  have  their  stoutest  part  in 
the  centre, — these  must  be  put  in  perpendicular,  by  putting  a 
piec3  of  strong  wire  through  the  hole  in  the  centre,  and  putting  it 
gently  into  the  water ;  and  instead  of  moving  it  backwards  and 
forwards  in  the  water,  lift  it  up  and  down,  so  that  fresh  water  pass  - 
through  the  centre  every  time  it  is  lifted  up  and  down,  and  the 
deeper  the  tank  the  better  it  ia;  but  in  lifting  it  up  it  must  not  be 
allowed  to  come  above  the  water,  or  it  will  be  sure  to  cnwk ;  the 
outside  edges  of  such  articles  being  much  thinner  than  the  middle, 
they  are  cold  sooner,  so  that  the  middle  is  wanted  cold  aa  quick  as 
possible-  with  the  outside  edges ;  and  were  it  drawn  backwards  and 
forwards  in  the  water,  the  water  being  warm  in  the  hole  in  the 
centre,  it  is  longer  in  cooling,  the  outer  edge  being  dead-cold,  and 
the  middle  of  the  cutter  contracting,  the  outside  is  too  cold  to  give, 
so  it  ends  in  the  article  breaking ;  so,  by  a  little  attention  to  the 
above,  they  arc  accomplished  without  breaking  them.  The  wire 
that  is  used  to  bear  the  cutter  while  dipping  it  in  the  water  must 
have  three  forks  at  the  end  for  the  cutter  to  lie  upon,  so  that  there 
is  no  obstruction  to  the  water  passing  freely  through  the  hole : 
with  the  inexperienced  it  is.  just  heat  it,  and  put  it  in  the  water, 
without  regard  to  any  thing  which  causes  such  losses  to  the  em- 
ployer, and  then  il  is  condemned  as  bad  steel ;  but  it  is  not  all  bad 
Bteel  that  breaks,  for  the  very  best  steel  will  break,  if  it  is  not 
properly  managed. 

I  speak  from  experience  that  the  shape  of  different  articles  has 
to  be  studied ;  for  instince,  take  such  an  article  as  an  eccentric 
collar  in  the  way  of  example,  which  shall  be  one  and  a  half  inches 
thick  on  one  side,  and  a  quarter  of  an  inch  on  the  other,  having 
a  two-inch  hole  in  il  for  the  shaft ;  in  hardening  this  it  is  most 
certain  to  break  in  the  weak  side,  for  one  side  being  bo  thin,  it  is 
cold  almost  instantly,  and  the  stout  side  contracting  after  the  other 
is  cold,  it  pulls  it  asunder.  By  taking  a  little  trouble  all  this  risk 
is  avoided.  Before  such  an  article  as  the  above  be  put  in  the  fire. 
fit  a  piece  of  iron  round  the  thin  part,  so  that  it  is  made  up  to  the 
tUckacss  of  the  stout  part,  or  a  little  thicker,  and  bind  it  on  with 
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a  pieoe  of  binding  wire,  and  coat  it  with  potash,  aud  I  will  i 
antee  that  it  hardens  without  breaking,  because  one  part  then  is 
cold  us  soon  as  the  other.  Therii  are  various  things  that  steel  cau 
be  coated  with,  such  aa  soft  soap,  black  lead,  or  plumbers'  size; 
but  in  hardening  in  a  common  fire,  or  a  furnace,  the  prussiate  (if 
potash  is  the  best;  but  in  hardening  in  lead,  soft  soap,  blayk  lead, 
or  plumbers'  size  answers  exceedingly  well.  In  coaling  of  stol 
you  first  get  the  artide  just  red,  draw  it  from  the  fire,  having  the 
potash  already  powdered  up  fine,  and  in  a  box  with  small  holes  in 
the  lid,  similar  to  a  grater ;  shake  the  box  till  there  is  a  coat  all 
over  the  articles,  put  it  in  the  fire  again  till  it  gets  to  the  desired 
heat,  and  it  is  then  ready  to  put  into  the  water,  except  in  very  large 
articles,  where  there  is  a  great  body  of  steel.  It  is  requisite  then 
to  draw  it  from  the  fire  a  second  time,  and  give  it  another  sprinkle 
of  potash,  so  as  to  give  it  a  thicker  coat.  By  binding  a  little 
binding  wire  about  it,  it  assists  to  make  the  potash  cling  more 
firmly  to  it.  There  are  many  things  that  rL'tjuire  to  be  hardened, 
where  the  substance  of  the  steel  ia  so  great  that  it  is  necessary  to 
bore  holes  about  it  in  different  places  to  make  it  cool  more  equally; 
in  very  large  cutters  some  are  apt  to  have  the  hole  where  the  spin- 
dle passes  'through  too  small,  so  that  large  and  small  cutters  may 
fit  the  same  spindle;  but  the  larger  the  cutter  the  larger  the  hole 
should  be ;  or  otherwise  hore  a  few  holes  round  the  middle  hole, 
80  that  the  substance  of  the  steel  is  reduced,  and  it  will  not  inter- 
fere with  the  strength  of  the  cutter,  and  there  is  then  no  danger 
attending  it  in  hardening.  But  if  it  happen  that  any  article  that 
has  to  be  hardened  has  any  holes  about  it  near  to  the  very  edge,  it 
is  then  requisite  to  stop  these  holes  up  with  a  piece  of  loom,  aud 
it  will  prevent  the  hole  breaking  out.  Any  size  cutters,  bushei 
gauges,  rings,  or  collars,  or  articles  of  any  description,  may  be 
hardened  without  breaking  by  following  the  rules  I  lay  down. 
Sometimes  a  steel  ring  or  a  cutter  is  required  to  have  one  thin 
edge ;  these  must  be  put  in  the  water  with  the  stoutest  part  oown- 
wards,  aud  if  the  edge  is  very  thin,  it  must  not  be  put  in  the  water 
too  suddenly.  In  very  large  round  steel  it  ia  sometimes  necessary 
to  bore  a  hole  through  the  centre  to  allow  the  water  to  pass 
through,  and  even  then  it  will  break  asunder  if  it  be  drawn  back- 
wards and  forwards  in  the  tank ;  this  should  always  be  lifted  up 
and  down  in  the  water  to  allow  fresh  water  to  pass  through  the 
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^?o^n™^fis3  when  it  ia  under  tbe  water ;  if  it  be  turned  on  to  its 
side,  it  can  tben  be  drawn  backwards  and  forwards  with  tbe  samo 
residt.  It  sometimes  happens  tbat  tbere  is  a  fracture  in  tbe  steel 
before  it  is  hardened:  this  can  be  detected  when  tbe  article  is  in  tbe 
dre,  and  at  a  low  heat.  This  fracture  is  sometimes  found  in  the 
steel  as  it  comes  fmm  the  manufacturer,  and  very  often  causod  in 
the  forging  by  excessive  heating,  and  oftentimes  llie  hardener  geia 
blamed  for  faults  which  belong  to  other  men.  If  there  is  a  crack 
in  tbe  steel  when  it  is  just  red,  it  can  be  detected,  but  hardening 
will  not  mend  it :  it  may  be  useful  to  some  to  know,  tbat  if  a  pieee 
of  binding  wire  be  bound  round  any  article,  and  a  piece  of  loom 
wrapped  round  tbe  wire,  the  wire  merely  to  keep  tbe  loom  from 
falling  off,  and  after  drj-ing  the  loom,  the  article  may  be  put  in  tlio 
fire  and  heated  all  over,  and  when  sufficiently  hot  it  may  be  put 
into  tbe  water,  aud  tbe  part  that  has  the  loom  round  it  will  remain 
soft,  because  the  watsr  cannot  penetrate  through  the  loom  quick 
enough  to  harden  the  steel.  If  tbe  loom  be  on  tbe  middle,  the 
ends  only  will  be  hard ;  but  if  the  loom  be  on  the  ends,  the  middle 
will  be  hard,  and  the  ends  soft,  and  the  mechanic  will  find  this  plan 
very  useful  in  many  cases.  In  hardening  of  steel,  the  more  the 
^vater  is  hardened  in  the  better  it  is  for  the  purpose ;  but  accord- 
ing as  it  wastes,  fresh  water  must  be  added  to  it,  and  as  it  is  neces- 
sary to  clean  tbe  tank  out  occasionally,  before  using  fresh  water,  it 
is  best  to  make  it  well  hot  by  putting  a  bar  of  ignited  iron  into  it, 
and  let  it  get  cold  again  before  using  it ;  for  when  dgad-cold  water 
is  used,  there  is  always  a  risk  of  the  steel  cracking. 

As  there  is  such  a  variety  of  different  shaped  articles,  to  speak 
separately  of  every  one  would  require  a  whole  volume ;  therefore 
I  think  tbe  necessity  for  a  much  further  minuteness  of  detail  will 
1)6  removed  by  a  little  observation  and  experience.  My  mode  of 
treatment  of  steel  in  some  cases  may  be  classed,  perhaps,  among 
those  inventions  which  some  are  apt  to  wonder  they  never  thought 
of,  and,  like  many  other  things,  very  simple  after  they  are  made 
known,  the  simplicity  of  which  raises  their  value;  but  simple  aa 
they  may  appear  to  some,  they  are  facts  of  great  importaooe  in 
the  management  of  steel.  By  applying  aquafortis  to  thesurfaca 
of  steel  previously  brightened,  it  immediately  produoes  a  black 
spot ;  if  applied  to  iron  the  metal  remains  oleaii,  but  lookiag  a 
little  dull  where  the  acid  touched  it.     By  ^li^  test  iron  may  ba 
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known  from  steel,  as  the  smallest  vein  of  either  will  be  dislin- 
guished  by  its  peculiar  sign.  There  are  many  large  things  broken 
by  taking  them  out  of  the  water  before  tbey  are  thoroughly  cold, 
and  some  people  are  of  the  opinion  that  it  is  the  action  of  tie  sir 
on  the  steel  which  causes  it  to  break ;  but  my  opinion  is,  thai  the 
middle  of  the  steel  not  being  thoroughly  cold,  and  the  ootaide  of 
the  steel  being  quite  cold,  the  instant  the  steel  b  lifted  from  tbe 
water  the  middle  begins  to  expand,  and  the  outside  being  quite 
hard,  the  expansion  ia  more  than  the  outside  can  bear,  so  it  causes 
it  to  break ;  but  be  this  as  it  may,  it  is  a  real  fact,  that  if  a  large 
body  of  steel  be  taken  out  of  the  water  before  it  is  thoroujjUlv 
cold,  iri  nine  cases  out  of  ten  it  is  sure  to  break.  If  a  large  piece 
of  iron  is  heated  and  put  in  the  water,  and  kept  under  the  water  I 
considerable  time,  after  the  outside  of  the  iron  is  black,  draw  it 
out  of  the  water ;  in  a  few  seconds  the  heat  from  the  middle  of 
the  iron  will  turn  the  outside  to  a  red  heat  again.  Water  acta  on 
steel  in  a  similar  manner.  When  first  the  article  is  put  into  the 
water,  the  water  begins  to  act  on  the  outside  of  the  steel,  cooling 
it  gradually  towards  the  middle ;  and  if  taken  from  the  water  !»■ 
fore  it  is  quite  cold,  the  heat  from  the  middle  begins  to  act  on  tie 
outside  of  the  steel  in  a  contrary  way  to  the  water,  by  straining 
the  outside  of  the  steel  more  than  it  can  bear ;  and  in  most  in- 
stances I  have  noticed,  when  I  have  been  trying  e.^periraeiits,  that 
as  soon  as  the  water  dries  on  the  steel,  it  cracks,  and  the  larger  llie 
steel  the  greater  the  risk,  so  it  is  important  that  it  should  be  quite 
cold,  before  it  is  taken  out  of  the  water,  if  the  article  be  iu  any 
way  large. 

It  is  not  requisite  that  the  article  should  lie  in  the  water  till 
the  water  is  dead-cold,  for  in  some  instances  the  article  is  wanted 
for  use  as  soou  as  possibly  it  can  be  had ;  in  such  cases,  if  the 
article  is  not  too  large  to  go  into  a  handbowl,  put  the  iww! 
under  the  water  in  the  tank,  and  place  the  article  in  the  bowl,  lift 
the  bowl  and  the  article  out  together,  with  the  water  covering  the 
article  in  the  bowl,  and  then  sink  the  bowl  with  the  article  still  in 
it  into  another  tank  of  dead-cold  water,  or  under  a  tap,  with  coIil 
water  running  on  it,  and  it  will  in  a  short  time  be  ready  to  lift  out. 
But  if  the  article  is  too  large  to  go  into  a  bowl,  put  it  in  a  bucket 
and  act  as  I  have  stated,  and  it  will  then  come  out  safe  without  a 
crack,  and  it  will  not  crack   after  it  is  out,  as  hundreds  of  things 
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oreak,  by  lifting  them  out  before  they  arc  coUl.  I  have  liavl  very 
large  things  to  harden  that  have  taken  weeks  to  make,  and  had  I 
not  taken  these  precautions,  which  some  are  apt  to  think  too  much 
trouble,  I  should  have  had  many  a  waster ;  but  trouble  I  never 
think  about,  success  has  always  been  my  aim,  and  experience 
teaches  me  to  give  this  little  information  to  those  that  have  not 
?iad  the  opportunity  of  having  the  experience  I  have  had.  There 
are  many  things  cracked  in  hardening,  by  heating  the  article  all 
over,  and  then  dipping  it  in  the  water  half-way.  Such  things  as 
taps,  drifii,  and  numerous  other  articles,  should  always  be  hard- 
ened all  over,  if  they  are  heated  all  over,  and  then  if  one  part  is 
required  softer  th^n  the  other,  it  is  best  to  softi^n  it  after,  or  other- 
Wise  not  to  heat  it  farther  than  where  it  is  required  hard;  for  if 
tbey  are  heated  all  over,  and  you  in  dipping  them  in  the  water 
stop  at  any  particular  part,  and  hold  it  still  in  that  spot,  if  the 
water  ia  quite  cold,  in  nine  cases  out  of  ten  there  will  be  a  crack 
at  the  very  spot  which  ia  level  with  the  top  of  the  water,  and  in 
some  casM  it  will  break  clean  asunder  at  that  particular  spot,  as 
straight  nearly  as  if  it  were  sawn  through  with  a  saw.  But  theso 
CTftcks  may  be  prevented  in  a  very  great  mea-sure  by  simply  putting 
the  watisr  in  motion,  or  moving  the  article  quickly  about  when  it 
is  in  the  water  as  far  as  it  is  required  hard;  the  water  is  tlicn 
prevented  from  acting  so  evenly  round  it ;  or  otherwise,  if  a  few 
coils  of  binding-wire  he  bound  round  the  part  intended  to  be  level 
with  the  top  of  the  water,  and  a  coat  of  potash  put  about  the  wire, 
there  will  be  no  crack  there,  as  it  prevents  the  water  from  acting 
so  suddenly  on  it.  But  in  many  things  where  the  heat  that  is  on 
the  article  is  wanted  to  temper  the  part  that  is  dipped  in  the  Water, 
such  as  chisels,  drills,  and  the  like  articles;  these  things,  when 
they  are  dipped  to  the  depth  required  to  harden  them,  should 
always  be  moved  quickly  about  in  the  water,  and  it  will  prevent 
many  a  drill  Bereaving  off  in  that  particular  spot,  and  prevent 
many  a  chisel  breaking,  I  have  no  doubt  that  many  readers 
of  this  book  have  noticed  when  they  have  been  chipping,  that 
their  chisels  have  broken  clean  off,  about  an  inch  from  the  edge, 
with  a  very  light  blow  from  the  hammer,  and  the  cause  of  that  ia 
in  a  great  number  of  instances,  by  holding  the  chisel  still  in  the 
r-wftter  when  hardening  it;  for  the  water  cooling  it  across  in  a 
nght'line  causes  the  hardened  part  to  tear  from  the  other,  yet 
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not  sufficient  to  show  till  such  time  it  ia  struck  wilTi  tb  " 
and  then  it  dropa  oft)  and  if  the  break  be  examined  it  can  be  eeea 
that  the  water  did  it.     But  theae  kind  of  articles  liaving  llie  skin 
on  the  steel  when  thej  are  dipped  in  the  water,  it  prevents  the 
water  from  liaving  just  the  same  effect  on  them  aa  it  does  on 
articles  previously  brightened.     I  reeollect  once  having  a  quantity 
of  small  drifts  to  hitrden,  and  I  was  requested  to  keep  the  heds 
soft.  BO  I  put  a  certain  number  of  them  in  a  box,  with  dust  tliM- 
coal  to  heat  them,  and  when  sufficiently  hot,  I  shot  them  in  ilia 
■water  with  the  intention  of  softening  the  heads  after ;  but  I  found 
upon  examining  them  that  I  had  a  number  of  them  very  crookei, 
owing  to  being  very  slight,  and  going  from  the  box  so  suddenly 
into  the  water ;  so  I  adopted  another  plan,  by  heating  a  certain 
number  together,  and  taking  them  out  separately,  and  dipping 
them  straight  and  gently  into  the  water,  wliich  answered  the  pur- 
pose so  far.     But  it  took  a  little  longer  to  dip  them  separately;  so 
thinking  to  save  this  extra  time,  I  thought  I  would  only  dip  them 
in  the  water  as  far  as  I  required  them  hard,  and  that  would  save 
me  the  troubla  of  softening  the  part  that  was  not  required  haul 
But  not  caring  about  going  ahead  with  any  quantity  of  things  ^ 
such  time  I  make  myself  sure  that  all  is  going  on  well,  aftw  1 
bad  done  about  two  dozen  I  examined  them,  and  I  did  not  find 
one  of  them  but  what  wiis  cracked  at  the  part  that  waa  level  with 
the  top  of  the  water,  so  I  dipped  the  remainder  all  over,  and  not 
a  crack  appeared  in  one  after.     I  then  made  some  lead  red-hot  and 
dipped  the  parts  that  were  required  soft  into  it,  and  accomplished 
them  very  nicely.     So  I  think  I  have  said  sufficient  to  convince 
the  reader  that  what  I  say  is  correct,  and  there  are  thousands  of 
people  that  have  an  opportunity  of  proving  it,  and  I  will  8peak  of 
nothing  but  what  I  have  proved  from  experience  to  be  correct. 
But  to  describe  minutely  the  various  kinds  of  articles  that  I  have 
had  to  do  with  would  be  more  likely  to  tire  than  to  please  the 
reader.     But  I  will  give  sufficient  information,  if  properly  studied, 
to  enable  the  mechanic  to  harden  and  temper  any  thing  that  comes 
to  haud.     It  may  be  useful  to  warn  the  mechanic  that  drilling  too 
large  a  centre  in  articles  intended  to  be  hardened  is  a  very  great 
evil,  such  things  as  taps,  fluted  rimers,  and  such  like  articles ;  for 
when  hardened,  if  the  centre  is  too  large,  there  is  almost  sure  to 
be  a  fracture  at  the  bottom  of  the  centre,  therefore,  it  is  best,  nSta 
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)  article  ia  fiuisbcil,  to  file  the  cetitre  out,  if  the  centre  is  not 

required  in ;  but  in  some  articles  the  centres  are  required  in  tbem 

after  hardening.     But  if  the  hardener  should  meet  with  articles 

^at  ho  considers  have  too  large  a  centre  in  them,  and  that  there  ia 

I  risk  of  having  a  crack  in  thom,  if  he  stop  the  centre  up  with  a 

niece  of  looin  to  keep  the  water  out  of  it,  there  is  little  or  no 

[anger  of  its  cracking. 

I  was  once  working  for  an  employer  that  liad  a  large  order  for 

^3,  and  he  said  that  he  did  not  approve  of  cutting  the  steel  down 

■y  lengths  with  a  chisel,  for  be  found  that  a  number  of  his  tap-i 

1  fracture  in  them  by  breaking  the  steel  after  it  was  nicked 

»und  with  the  chisel,  which  I  will  admit  ia  often  the  case  if  a  dull 

ihisel  is  used  to  nick  it  round  with,  and  it  will  not  bo  visible  till 

IS  hardened,  and  then  it  shows.     But  this  was  not  the  case 

in  that  instance ;  for  when  I  examined  the  taps  I  found  that  the 

centres  were  to  large,  and  at  the  bottom  of  the  centres  there  were 

the  fractures;  but  1  would  advise  all  those  that  cut  their  steel  down 

with  a  chisel,  always  to  keep  a  good  sharp  edge  on  the  chisel,  for 

the  steel  will  then  break  easier,  and  be  less  liable  to  splinter ;  in 

hardening  a  number  of  articles  at  one  time  it  is  best  to  put  them 

all  into  a  box  together  with  some  dust  charcoal,  and  let  them  lie 

till  they  have  acquired  the  low  red  heal  called  cherry  red,  and 

then  empty  the  contents  of  the  box  into  the  water,  thoy  will  then  be 

tTcry  clean,  without  scales,  and  beautifully  hard.    It  is  a  very  good 

Ktlan  for  all  small  taps  ;  and  as  it  is  usual  to  temper  these  things  to 

n  color  after  they  are  hardened,  it  is  necessary  to  know  that  they 

nre  all  hard  before  beginning  to  temper  them,  as  it  will  sometimes 

Kiappen  that  there  will  be  some  among  them  that  are  scarcely  hard. 

mSf  the  box  has  been  taken  from  the  fire  before  it  has  been  pro- 

Bberly  heated   through,  then  the  middle  articles  in  the  box   will 

Bprove  not  hard  enough,  so,  to  make  sure  of  good  work,  always  try 

Khem  with  a  smooth  file  to  prove  them,  for  in  some  in-stances  one 

Bbad  article  would  get  all  the  lot  condemned,  even  if  all  the  othera 

Brere  right    But  the  use  of  the  file  can  be  dispensed  with  if  they 

Hre  brightened  on  a  buRl  or  a  stone,  which  are  the  proper  things 

Hbr  the  purpose  ;  for  the  persons  that  brighten  them  will  find,  if 

Bhey  are  properly  hard,  plenty  of  brisk  lively  sparks   fly  from 

Biem  when  they  are  held  on  the  buft";  and  if  they  are  not  hard 

Hiioi^li  there  will  be  very  little  fire  in  them,  therefore,  with  a  very 
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little  attention,  those  that  are  soft  can  be  detected  and  put  aside, 
and  heated  again  with  the  next  batch.  Dies  may  be  put  in  a  l»x, 
and  hardened  after  the  same  manner,  I  have  found  red-hot  lead 
to  be  a  convenient  thing  to  heat  many  things  in;  but  to  be  con- 
stantly employed  at  it,  I  believe  it  to  be  very  injurious  to  lieailh. 
I  have  been  employed  at  it  for  weeks  together,  and  have  felt  very 
bad  effects  from  it,  and  I  always  avoid  using  it  except  in  cases  of 
necessity.  But  there  are  many  things  that  can  be  accomplished 
better  by  heating  them  in  lead  to  what  they  can  any  other  war; 
Buch  things  as  long  fluted  rimers,  and  various  other  things  that 
are  a  great  length,  for  they  will  always  keep  straighter  by  heating 
them  in  lead  to  what  they  will  if  they  are  heated  in  a  comnioa 
furnace.  If  the  article  be  very  long,  it  must  not  be  put  into  ihe 
lead  too  suddenly,  or  it  will  be  sure  to  go  crooked,  for  by  plung- 
ing a  cold  piece  of  steel  too  suddenly  into  red-hot  lead  causes  it  lo 
go  crooked,  the  same  if  plunged  too  suddenly  into  cold  water; 
they  should  be  gradually  put  into  the  lead,  and  gradually  intoihe 
water,  with  a  little  salt  in  the  water  to  keep  it  from  bubbling,  for 
it  is  not  every  thing  that  can  be  straightened  after  it  is  hard  with- 
out damaging  it,  or  softening  it  again.  It  must  always  be  avoi'W 
never  to  have  the  lead  too  hot,  or  the  articles  will  be  spoilt,  for 
they  will  be  found  to  be  full  of  little  holes,  if  closely  examined. 
Before  putting  the  articles  in  the  lead  it  is  necessary  to  rub  tbem 
over  with  a  little  soft  soap,  or  mix  a  little  black  lead  with  water 
and  brush  them  over  with  it,  or  plumbers'  size,  and  they  will  come 
out  of  the  water  clean,  without  the  lead  sticking  to  them.  If  the 
black  lead  is  used  they  must  be  dried  before  they  are  put  in  the 
lead,  or  it  is  likely  to  cause  the  hot  lead  lo  fly  if  they  are  put  in 
damp ;  but  the  soap  does  not  require  to  be  dried. 

One  advantage  in  heating  large  fluted  rimora  in  lead  is,  if  they 
go  crooked  in  hardening  they  can  be  straightened  when  hard,  for 
as  soon  as  the  cutting  ribs  of  the  rimer  are  hot.  they  must  be 
taken  out  and  put  in  the  water.  Tlie  middle  of  the  stce!  will  then 
be  quite  soft,  because,  being  in  the  lead  such  a  short  time,  the 
middle  has  not  got  heated  through,  consequently  the  middle  cannot 
harden ;  if  it  go  crooked,  by  laying  the  rimer  on  a  block  of  hard 
wood,  or  a  block  of  lead,  and  putting  a  piece  of  wire  into  Uio 
grove  of  the  rimer,  and  striking  the  wire  with  the  hammer,  the 
rimers  can  then  be  straightened  without  breaking  them,  even  when 
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toe  cutting  edges  are  dtad  hard ;  but  if  they  are  tempered  before 
thev  are  straigbtened,  they  will  straighten  the  easier.  There  is 
little  or  no  danger  of  breuking  thorn  if  they  are  nut  allowed  to  get 
heated  all  through ;  such  things  aa  these  will  always  be  hot  on  the 
cutting  edges  first,  wliich  are  the  only  parts  required  bard.  But 
in  re.speet  to  small  rimers,  they  cannot  be  straightened  the  same 
Tray,  for  they  get  hot  all  through  almost  instantly  they  are  put  in 
tbe  lead,  but  are  not  so  likely  to  go  crooked  as  if  heated  in  the 
fire ;  small  rimers,  when  they  have  gone  crooked,  I  have  taken 
them  from  the  water  before  they  have  got  quite  cold,  and  placed 
them  between  two  centres,  and  given  them  a  blow  on  the  full  side 
Vith  a  small  mallet,  or  if  laid  on  a  block  of  hard  wood  it  will 
answer  the  same.  But  there  is  a  great  risk  of  breaking  them  if 
they  are  too  cold  when  they  are  struck  with  the  mallet,  therefore. 
if  any  prove  too  crooked  to  straighten  this  way  it  is  best  to  heat 
them  again.  But  in  these  kinds  of  small  articles  the  hardener,  if 
he  has  a  large  quantity  to  do,  must  always  expect  a  little  waste; 
of  small  ones  I  used  to  average  about  one  in  two  hundred  a  waster, 

ind  in  the  large  size  not  one  in  five  hundred.  Any  quantity  of 
•rtieles,  such  as  drills,  bilta,  kc,  may  be  e.\.peditiously  hardened  by 
dipping  their  points  in  the  lead,  and  cooling  them  in  water;  a  pair 
of  tongs  with  long  jaws  is  very  convenient  for  holding  a  quantity 
Sit  one  time ;  if  the  articles  are  of  an  unequal  thickness,  and  one  jaw 
of  the  tongs  be  made  hollow  and  one  flat,  a  piece  of  soft  wood 
may  ba  put  in  the  hollow  jaw.  the  tongs  will  then  grip  them  all ; 
(Uiy  quantity  may  be  liardencil  as  expeditiously  as  a  single  article, 
jf  there  be  sufficient  lead.  Another  thing  to  be  observed  is,  that 
*he  surface  of  melted  lead  bijcomos  quickly  covered  with  a  skin, 
irfaich  is  the  effect  of  the  air  on  the  surface,  and  it  wastes  the  lead 
po  fast  that  it  becomes  an  object  of  importance  to  those  who  use 
much  lead  to  check  its  formation,  or  to  convert  it  when  formed 
into  the  metallic  state  again.  Charcoal  converts  the  dross  into 
nielal  again  ;  but  if  a  covering  of  charcoal  or  cinders  be  kept  on 
the  lead,  the  dross  will  not  form,  for.  allowing  it  to  form  the  lead 
is  not  only  wasted,  but  it  is  a  great  obstruction  in  putting  the 
irlicles  in  the  lead,  likewise  in  taking  them  out ;  any  long  plato 
of  steel  that  requires  hardening  only  on  one  edge,  lead  is  an  excel- 

mt  thing  to  heat  it  in,  for  it  need  not  be  heated  any  farther  than 
Irbere  it  is  wanted  hard,  and  it  will  then  keep  straight  in  harden 
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ing.  But  if  it  is  heateil  all  over  in  a  furnace  and  put  in  the 
water  all  over,  it  mil  be  warped  all  shapes  and  cause  a  deal  of 
troublii  in  setting  straight,  eap^^cially  to  those  who  are  unacquainted 
with  the  setting  of  hardened  steel ;  and  if  it  is  heated  all  over,  mi 
one  edge  only  dipped  in  the  water,  the  edge  that  goes  in  the  wnter 
will  be  rounding,  and  the  edge  that  does  not  go  in  the  watu  rfl 
be  hollow ;  this  is  owing  to  the  steel  expanding  in  hardening,  for 
the  steel  expanding  in  hardening  causes  the  edge  Iliat  goes  in  tli« 
water  to  get  longer,  and  the  other  edge  being  kept  out  uf  ihe 
water,  and  still  hot,  the  hardened  -edge  expaudlug  longer  poslies 
the  other  part  of  the  steel  round,  causing  the  edge  that  is  out  of 
the  water  to  be  hollow.  But  if  it  ia  heated  iu  reil-hot  leail,and 
the  edge  only  that  ia  required  hard  put  in  the  lead,  the  othfP  part 
will  be  quite  cold ;  and  when  it  is  put  in  the  water  all  over  the  liot 
part  has  not  suffieieut  strength  iu  it  to  alter  the  cold  part,  conse- 
quently, the  cold  part  of  it  keeps  the  hardened  part  true ;  \he 
colder  the  water  the  more  eftoetnaUy  it  hardens  the  steel.  Brinish 
liquids  produce  rather  more  hardnjss  than  common  water,  but  in 
most  cases  common  water  answers  the  purpose.  But  water  hold- 
ing soap  in  solution  prevents  the  steel  from  hardening ;  hut  u 
there  are  many  things  used  in  machinery  that  require  to  possess 
the  greatest  pijssible  degree  of  hardness,  it  is  necessary  with  such 
things  to  use  a  saline  liquid.  Gauges,  burnishers,  and  certJim 
kinds  of  dies,  require  to  be  very  hard ;  also,  a  file  requires  a  nicSp 
hard  tooth.  But  when  steel  is  required  to  be  made  extreineW 
hard  it  may  be  quenched  in  mercury.  But  this  can  only  be  done 
on  a  small  scale.  ^H 


OS   THE   TEMPERING   OP  STEEL.  ^H 

A  rod  of  good  steel,  in  its  hardest  state,  ia  broken  almost  as 
easily  as  a  rod  of  glass  of  the  same  siae,  and  this  brittleness  can 
only  be  diminished  by  diminishing  ita  hanlness ;  and  in  this  man- 
agement consists  the  art  of  tempering.  The  colors  which  appear 
on  hardened  steel,  previously  brightened,  are,  a  light  straw  color, 
a  dark  straw,  gold  color,  broira,  purple,  violet,  and  dec])  blue. 
'ITiese  colors  appear  in  succession  as  the  hardness  gets  reduced. 
There  are  various  ways  of  tempering  steel,  as  it  depends  what  the 
nature  of  the  articles  is,  likewise  the  quantity  of  them, — for,  j 
number  of  instances,  a  great  number  of  articles  mav  be  tempt 
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I  expeditiously  as  a  single  article.  To  temper  any  artiole  to 
or  they  must  be  brighltfiied  after  they  are  hardened,  and  then 
1  on  a  plate  of  hot  irou,  or  upon  the  surface  of  melted  lead,  or 
I  hot  sand,  or  burning  charcoal,  or  held  in  the  centre  of  an 
I  iron  ring,  or  in  the  mouth  of  a  furnace,  or  on  a  gas  stove 
tnarle  for  the  purpoae.  But  in  making  a  furnace  for  hardening 
■with,  it  is  a  good  plan  to  have  the  top  of  the  furnace  made  with  a 
Igood  stout  plate  of  ca.st-iron,  so  that  the  plato  will  always  be  hot, 
ITready  to  temper  any  thing  that  can  be  done  on  a  plate.  And  it 
■will  do  to  put  the  sand  on,  and  for  many  other  useful  purposes, 
especially  if  the  plate  be  movable,  and  a  small  opening  left  in  the 
front  of  the  furnace  from  the  top  down  to  the  mouth  just  to  admit 
the  tongs.  And  at  any  time  that  hot  lead  is  required,  the  plate 
can  be  removed  and  the  pot  of  lead  placed  in  the  furnace :  the 
plate  can  then  be  put  back  into  its  place.  And  the  opening  in  the 
^nt  will  be  very  convenient  for  getting  the  articles  in  the  lead, 
^nd  when  the  opening  is  not  rtiq'lired,  it  may  be  stopped  with  a 
jpieee  of  sheet-iron;  for  by  a  furnace  of  this  description  it  is  sur- 
|irising  the  amount  of  hardening  and  tempering  that  can  be  ac- 
omplished.  For  large  things  take  a  considerable  time  in  heating, 
aid  while  the  hardener  is  waiting  for  them  getting  hot,  he  may  be 
engaged  tempering  on  the  top  of  the  furnace,  and  still  have  his 
Attention  on  the  other  articles.  In  the  way  of  case-hardening,  a 
loan's  sole  attention  is  not  required  on  the  articles  all  the  time  they 
»re  in  tlie  6re,  aa  many  things  lie  for  hours  before  they  are  ready 
D  put  in  the  water,  and  he  may  then  be  engaged  in  tempering. 
But  if  this  plate  should  prove  too  hot  for  small  articles,  another 
piec«  of  plate  may  bo  laid  on  the  top  of  it,  and  the  articles  laid 
on  the  top  plate.  But  it'  is  not  every  one  that  has  large  quantities 
to  temper  so  as  to  require  a  furnace  or  tempering-stove,  but 
having  a  few  articles  to  do  occasionally,  such  as  hobs,  taps,  dies, 
drifts,  rimers,  chases,  drills,  &;c.,  for  the  use  of  the  shop.  In  such 
ies  the  use  of  the  furnace  can  be  dispensed  with  ;  for  a  small 
Auantity,  they  may  be  heated  in  a  common  smith's  fire  and  hard- 
aied  in  the  usual  way.  Taps  may  then,  after  they  are  brightened, 
e  lield  inside  of  an  ignited  iron  ring  till  a  dark  straw  color  ap- 
^ars  on  the  aurfaue,  and  then  plunged  into  cold  water.  This  is 
3  best  temper  for  general  use ;  but  if  it  is  intended  for  any  ex- 
I  purpose — -for  cutting  things  that  are  extra  bard — in  such 
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cases  a  liglit  straw  color,  or  yellowish-whils,  will  be  reciuired. 
Hobs  require  to  be  a  yeliowisb-white :  for  as  tbi?y  are  always  re- 
quired for  cutting  steel,  it  is  necessary  they  shuuld  be  liard. 
Fluted  rimers  may  be  held  inside  of  an  ignited  ring  and  temiKred 
to  a  light  straw  color.  Dies  may  be  hardened  in  the  usual  war, 
and  when  brightened  placed  on  a  cold  plate  of  iron,  and  the  jiiaW 
and  tJie  dies  put  upon  a  large  piece  of  ignited  iron  and  lempered 
to  itie  same  color  as  a  tap, — a  straw  color.  Chases  may  be  banl- 
ened  in  the  usual  way  and  placed  upon  an  ignited  bar,  keqilng 
the  threads  some  distance  off  the  bar,  and  tempered  to  a  light  slraw 
or  yejlo  wish -white.  Drills  may  be  hardened  in  the  usual  way, 
and  the  cutting  part  of  the  drill  tempered  to  a  straw  color,  wlulu 
the  rest  is  not  higher  than  blue,  so  that  its  liability  to  break  when 
in  use  is  greatly  diminished.  Chisels  may  be  hardened  in  tlie 
usual  way,  and  tempered  to  a  violet  color ;  but  if  intended  for  cul- 
ting  stone,  a  purple  is  required.  Drifts  may  be  liardened  iu  tbe 
usual  way,  and  tempered  to  a  brown  color.  Milling  cutters  msj 
be  hardened  in  the  usual  way,  and  tempered  to  a  yellowish-white. 
Saws  may  be  hardened  in  the  usual  way,  in  which  state  they  will 
be  brittle  and  warped.  They  may  then  be  put  into  a  proper  vessel, 
with  as  much  oil  or  tallow  as  will  cover  them,  and  placed  oter  i 
fire  and  boiled  to  a  spring  temper ;  or  they  may  be  smeared  with 
tallow  and  heated  till  thick  vapors  arise  and  bum  off  with  a  blwtft 
They  must  then  be  hammered  flat,  and  afterwards  blued.  Bui  i( 
they  are  intended  for  cutting  hard  substances,  such  as  steel,  or  iron, 
they  must  be  tempered  to  a  straw  color. 

A  very  convenient  way  of  temjiering,  when  there  is  a  large 
quantity  of  articles  to  do,  is  to  place  them  in  a  vessel  with  as  much 
tallow  or  oil  as  will  cover  them,  and  place  them  over  a  slow  fire 
till  a  sufficient  heat  is  given  for  the  temper  required.  When  the 
oi!  or  tallow  is  first  observed  to  smoke,  it  indicates  the  temper 
called  straw  color.  And  when  the  smoke  becomes  more  abundant, 
and  of  a  darker  color,  this  indicates  a  temper  equal  to  a  brown. 
After  which  it  will  yield  a  black  smoke,  and  still  more  abundant: 
this  indicates  a  purple.  After  which  it  will  take  fire  if  a  piece  of 
lighted  paper  be  preaentad  to  it,  but  not  so  hot  as  to  burn  when 
the  light  is  withdrawn:  and  this  is  equal  to  a  blue  temper.  The 
next  degree  of  heat  will  be  that  which  is  mostly  used  for  spring 
when  a  white  fliime  will  be  seen  to  burn  on  the  articles  if  t 
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Br.!  lifted  out  at  this  licat ;  after  which  the  oil  bums  siway.  To 
add  furthur  oil  is  iisclcs9.  Any  single  article  may  bj  smeared  with 
tallow  and  held  over  a  fire,  or  ia  a  gas  flame,  and  its  temper  known 
in  a  similar  manner.  In  hardening  springs,  if  they  are  very  alight, 
oil  is  the  best  to  harden  them  in,  as  they  are  not  so  likely  to  draw 
out  of  the  proper  shape.  But  if  they  are  stout  springs,  water  is 
best :  for  in  hardening  a  stout  spring  in  oil  the  hardness  is  confined 
to  the  surface.  For  if  the  springs  are  properly  hardened,  and  the 
steel  good,  and  boiled  in  oil  to  tlie  temper  I  have  stated,  there  is 
no  failing  in  them.  Solid  tallow  is  better  than  oil  for  liardening 
steel  which  requires  considerable  hardness,  but  must  not  be  made 
brittle.  Tallow  differs  from  oil  in  the  absorption  of  heat  for  its 
fusion ;  for  steel  that  is  hardened  in  oil  has  always  a  covering  of 
coal  round  it  which  greatly  retards  the  transmission  of  heat. 
Water  holding  soap  in  solution  produces  a  similar  effect.  Any 
large  piece  of  steel  may  be  made  sufficiently  hard  to  wear  well  in 
machinery,  without  making  it  brittle,  by  hardening  it  in  a  bo<ly  of 
solid  tallow.  Tliere  is  a  number  of  young  mechanics  that  are  quite 
ignorant  as  to  the  nature  of  boiling  oil,  or  tallow,  and  are  anxious 
to  try  the  experiment  of  tempering  springs  in  boiling  oil.  To 
those  we  wish  to  say  a  few  words.  I  was  once  asked  by  a  young 
man  the  way  to  harden  and  temper  springs ;  and  I  informed  him 
to  harden  them  first,  and  if  he  had  a  quantity  to  do  to  temper  them 
in  boiling  oil, — never  thinking  that  he  would  attempt  to  do  thera 
on  the  fire  in  the  house, — and  the  result  was  that  he  nearly  set  the 
house  on  fire.  So  1  have  just  mentioned  this  eiivun  stance  merely 
as  a  warning  to  the  inconsiderate,  that  they  may  not  fall  into  the 
some  error,  and  not  to  boil  oil  unless  they  have  a  place  suitable 
for  it. 


EXPANSION   OF   STEEL. 

It  is  a  well-known  fact  among  those  who  are  in  the  habit  of 
hardoning,  that  the  hardening  of  steol  increases  its  dimensions 
But  there  may  be  some  that  have  had  very  little  to  do  with  it  that 
may  yet  be  ignorant  of  it,— therefore  it  may  be  useful  to  acquaint 
those  with  it.  But  the  amount  of  this  expansion  cannot  be  ex- 
actly stated,  as  it  varies  in  diifereat  kinds  of  steel,  and  even  in  the 
Bame  steel  operated  upon  at  different  heats.  But  this  expansion 
con  be  prevented  in  a  great  measure  by  annealing  the  steel  about 


364 


MECBAI7ICA.L   ENGi:!IEEBIIfQ. 


three  times  before  the  article  is  completelj  finislied.  For  iitslai 
when  the  first  skia  is  taken  from  the  steel,  it  should  be  annealwl 
again,  and  then  another  unt  taken  from  it  and  annealed  again,  and 
so  on  for  the  tijirJ  time ;  and  J  have  found  that  articles  treateti 
this  way  will  always  keep  their  size  better  in  hardening  than  if 
the  steel  were  only  annealed  once.  But  this  may  appear  to  some 
to  be  a  deal  of  trouble,  but  they  will  find  there  is  a  saving  in  tha 
end,  as  hardened  steel  is  very  liifficult  to  work,  and  the  working 
of  hardened  steel  is  very  diflicuU,  unknown  to  a  great  number  of 
people,  and  many  that  know  how  to  work  on  it  have  not  things 
convenient  for  it>  such  as  buSs,  laps,  or  stones.  Therefore,  to  keep 
the  article  as  near  the  proper  size  as  possible  is  a  matter  of  im- 
portance. I  have  had  articles  that  have  only  been  annealed  once 
that  have  taken  many  hours  to  lap  to  the  proper  sixe  after  harden- 
ing; and  I  have  had  articles  of  the  same  kind,  and  from  the  same 
steel,  and  hardened  at  the  same  heat,  that  have  been  annealed  three 
times,  that  have  scarcely  required  to  be  touched  after  they  bad 
been  hardened. 


ANSEALINtJ   OF  STEEL. 


In  annealing  of  steel,  the  same  care  is  required  in  the  heatil 
of  it  as  there  is  in  heating  of  it  for  h.trdening,  as  over-healinj  tlie 
steel  is  as  injurious  in  one  case  as  in  the  other.  And  in  th«  pro- 
cess of  annealing,  some  artists  differ  very  much,  some  approving 
of  heating  the  steel  and  burying  it  in  lime,  some  of  heating  it  and 
burying  it  in  cast-iron  borings.  Others  approve  of  heatttig  it  and 
burying  it  in  saw-dust.  But  a  far  better  plan  is  to  put  the  steel 
into  a  box  made  for  the  purpose  and  fill  it  with  dust-fharcoal,  and 
plug  the  ends  up  so  that  the  air  is  kept  from  the  steel — then  to  put 
the  box  and  its  contents  into  the  fire  till  it  is  heated  thorongUy 
through,  and  the  steel  a  low  red  heat.  It  must  be  then  taken  from 
the  fire,  and  allowed  to  remain  in  the  box,  without  opening  tbe  boi 
till  the  steel  is  cold.  And  when  taken  out  the  stool  will  he  nice 
and  clean,  and  very  soft,  and  without  those  brigiit  spots  which  somo 
mechanics  call  pins,  and  which  are  no  small  impedimenta  to  thfl 
filing  and  working  of  steel :  and,  if  any  difference,  the  8t(«l  is  im- 
proved by  the  process,  A  piece  of  stout  gas-pipe,  with  a  bottom 
welded  in  and  a  plug  m5de  for  the  other  end,  makes  a  very  gOO^ 
box  for  a  small  quantity  of  steel ;  but,  for  u  large  quantity,  Uie" 
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muatm  in  proportion  to  the  quantity  of  steel.  If  the  steel  is  very 
large,  it  is  as  well  to  make  a.  charcoal  fire  to  heat  it  in,  and  then 
let  the  ateul  and  the  fire  get  cold  together  b.^fore  it  is  taken  out, 
and  il  will  be  equally  soft.  But  it  sometimes  happens  that  a  piece 
of  steel  is  wanted  in  a  hurry,  and  the  steel,  perhaps,  too  hard  to 
work  on, — and  cannot  wait  for  its  being  softened  in  a  box.  In 
such  cases  the  steel  may  be  heated  in  an  open  fire,  and  buried  in 
charcoal-dust  till  it  is  cold ;  or,  if  it  be  heated  to  a  red  heat^ 
s'lfiicient  to  be  seen  in  a  dark  place,  and  then  plunged  into  cold 
water,  il  will  work  more  pleasantly, — but  not  so  soft  as  if  it  were 
heated  in  a  bos  with  charcoal.  There  are  many  that  do  not  know 
the  value  of  a  good  tool,  because  the  steel  they  work  on  has  never 
been  properly  annealed ;  and  before  the  tool  has  half  done  its  duty 
it  is  worn  out,  or  wants  repairing.  Whereas,  if  the  steel  had  been 
properly  annealed,  that  same  tool  might  have  histed  ten  times  as 
long  without  repairing. 

CASE-HARDESt.VG  OF  IRON. 

Case- hardening  is  an  operation  much  practised,  and  of  considera- 
ble use,  and  in  tliia  art  there  are  many  difl'ereut  opinions.  The 
pmssiate  of  potash  hardens  iron  nearly  as  hartl  as  steel  by  simply 
heating  the  iron  to  a  red  heat,  and  putting  t!ie  potash  on  it  and 
pluugiiig  it  in  cold  water;  but  this  harduesa  is  confined  to  the 
surface.  But  the  greatest  effect  may  be  produced  by  an  air-tight 
box  and  animal  carbon  alone, — such  as  horns,  hoofs,  or  leather, 
just  suiSciently  burnt  to  admit  of  being  rctluced  to  powder,  in  or- 
der that  more  may  be  got  into  the  box  with  the  articles.  Or  bones 
reduced  to  d\ist  answer  the  same  purjwse.  The  articles  intended 
to  be  case-hardened  are  put  into  the  box  with  animal  carbon,  and 
the  box  made  air-tight  by  luting  it  with  clay.  They  are  then 
placed  in  the  fire  and  kept  at  a  light-red  heat  for  any  length  of 
time  according  to  the  depth  required.  In  half  an  hour  after  the 
box  and  its  contents  are  thoroughly  heated  through,  it  will  scarcely 
be  the  thickness  of  a  sixpence, — in  an  hour,  double,  and  so  ftirtli, 
till  the  desired  depth  is  acquired.  The  box  is  then  taken  from  the 
fire  and  the  contents  emptied  into  pure  cold  water.  They  can  then 
be  Uikcn  out  of  the  water  and  dried,  to  keep  thera  from  rusting, 
by  riddling  them  in  a  sieve  with  some  dry  saw-dust,  and  they  are 
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then  ready  for  polishing.  Case-hiirdening  is  a  superficial  oonver- 
eion  of  iron  into  steel.  But  it  ia  not  always  merely  for  economy 
that  iron  is  case-liartlenwl,  but  for  a  multitude  of  things  it  is 
preferable  to  steel  and  answers  the  purpose  better.  Delicftln  ar- 
ticles, to  keep  them  from  blistering  while  heating,  may  be  dipped 
in  a  solution  of  salt,  and  while  wet  also  dipped  into  a  powder  of 
burnt  k'ather,  or  bones,' or  other  coaly  animal  matter. 

OS   THE  SSRINEINQ   OF  STEEL. 

As  a  slight  mistake  at  times  is  the  common  lot  of  all,  a  fe* 
words  will  not  he  out  of  place  upon  the  shrinking  of  such  pieces 
of  work  that  the  mechanic  may  have  had  the  misfortune  of  boring 
too  large,  ami  wliich  would  be  useless  but  for  the  use  of  shriuking 
it  smaller.  Shrinking  is  simply  heating  the  steel  and  plunging 
in  cold  water;  but  should  it  not  prove  small  enough  the  first' 
the  operation  must  be  repeated — and  if  insufficient  the  second 
it  must  be  operated  ujjon  the  third  time,  which  generally  ef 
the  purpose.  But  after  the  third  time  I  have  generally  found  liie 
hole  to  oast  either  oval  or  bell-mouthed.  But  aft«r  shrinking  il 
the  third  time,  and  the  article  still  remaining  a  waster,  there  is 
another  source  open,  which  is  simply  to  heat  it  again  and  dip  it  in 
the  water  half-way,  leaving  one-half  of  it  above  the  water;  and 
then  to  heat  it  again,  and  dip  in  the  reverse  way  half-way  in  ihe 
water.  This  will  often  accompli-sh  what  other  sources  have  failed 
to  do.  Small  holes  will  shrink  rather  more  if  the  hole  be  filled 
with  loam.  Shrinking  and  expansion  of  steel  vary  so  much,  iHst 
I  have,  at  a  red  heat,  shrunk  the  hole  in  a  steel  ring  consideraljiv ; 
and  at  a  whitish  heat,  on  the  same  steel,  the  hole  has  been  on- 
siderahly  larger.  Iron  rings,  or  collars,  may  be  shrunk  after  thfl 
same  manner  as  steel,  by  simply  heating  and  cooling  in  water. 

Much  might  be  said  upon  the  various  kinds  of  tools  used  in  the 
turnery,  but  being  such  a  variety  of  them,  differing  in  form  and 
size,  according  to  the  necessities,  it  would  take  a  whole  volume  W 
do  them  justice.  Some  turners  are  apt  to  think  the  tools  of  ibeif 
own  invention  best  of  any,  and  their  attachment  to  them,  not  W 
say  bigotry,  is  often  accompanied  with  a  silly  attempt  to  conceal 
from  their  fellow- work  men  the  benefits  of  their  amazing  di^ 
coveries  as  to  the  best  shape  of  a  tool.     But  having  had 
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ce  in  tools,  and  their  different  sljapes,  I  give  it  as  my 
opinion  that  the  best  shape  of  a  tool  ia  a  tool  that  answers  the  pur- 
pose, does  the  work  well,  wherewith  least  steel  is  cut  to  waste  in 
the  dressing  of  it,  least  time  required  in  the  grinding  of  it,  and 
whose  wear  ia  longest  without  repairing. 


t  CONCLUSION. 

Before  I  close  these  details,  I  wish  to  offer  a  few  sentiments  to 
the  consideration  of  the  young  artist  interested  in  them,  whether 
he  is  one  who  is  anxious  to  excel  in  this  particular  branch  of  art, 
as  affording  the  means  of  honorable  livelihood,  or  claims  merely 
the  appellation  of  an  amateur,  who  studies  mechanical  operations 
from  the  love  of  knowledge,  the  desire  of  amusement,  or  the  hope 
of  celebrity  in  making  discoveries  or  improvements.  Let  him  not 
be  discouraged  by  the  failure  of  first  attempts.  Instead  of  losing 
his  time  in  uselessly  regretting  his  disappointment,  let  him  ex- 
amine into  the  cause  of  it,  and  promptly  repeat  his  experimeniP 
with  more  precaution.  It  is  a  mistaken  idea  that  success  is  abso- 
lutely dependent  upon  length  of  practice.  Uncommon  are  the 
cases  in  which  it  fails  to  be  the  early  reward  of  those  who  perse- 
vere. The  reward  will  always  be  in  proportion  to  the  amount  of 
perseverance  and  ingenuity  displayed.  There  are  always  diffi- 
culties to  contend  with  for  the  young  beginner.  3ut  in  every 
branch  of  art,  if  one  source  of  experiment  fail,  there  is  abundance 
of  other  sources  still  open.  Further  practical  directions  might 
easily  be  multiplied,  hut  the  necessity  for  much  further  minuteness 
of  detail  will  be  removed  by  a  little  observation,  experience,  and 
perseverance.  But  those  who  postpone  perseverance,  by  satisfying 
themselves  with  the  hope  that  length  of  practice  will  perfect  them, 
will  in  the  end  regret  their  delusion,  and  may  ineffectually  try  to 
recover  their  loss,  when  habitual  languor,  and  other  injurious 
habits,  have  rendered  the  mind  averse  to  observe,  and  tho  hand 
unable  to  perform. 
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lination  of  minerals  may  not 
,  wherefore  we  offer  them  in 


A  FEW  general  rer 

unacceptable  tc 
;  form  of  an  inti 
We  slial!  take  it  for  granw. ii_.  leathers  are  acquainted  with 

elementary  cliemistry,  and  also  that  they  have  some  notion  of  ana- 
lytical chemistry;  and  we  shall,  on  this  account,  be  vi^ry  brief  a3 
rog:irils  di'tails,  loul  ri^lVT  tlio.sc  who  may  require  instruction  in 
miinipuhitioii  to  the  exi;cllunt  works  of  Dr.  Faradav  and  Greville 
William.s,  Esq. 

It  may  l>e  well  here  to  observe  that  our  object  in  the  followiiiL,' 
pages  is  not  by  any  means  to  attsunpt  to  upliold  n^^w  or  unestab- 
lisbeil  tbeorieji.  lint  rather  to  aft'ord  siieh  inl'orrnalion  as  may  be 
praclkally  useful;  wherefore  we  s!ial!  only  make  iise  of  such  hypo- 
theses as  long  experienee  has  proved  most  convenient  for  the  ex- 
planation of  those  varied  reactions  upon  which  the  phenomena  of 
inorganic  chemistry  depend. 

As  t!ic  minerals  upmi  which  we  shall  have  to  operate  gencrallv 
occur  ia  masses,  ami  n.'ver  in  a  p<iwiler  suificiently  fine  to  re-juire 
no  further  jiidverizatinn.  wc  may  give  as  the  first  ste]i  in  the  aetual 
analy.-^is  of  any  ore,  that  it  is  to  be  finely  pulverized,  in  onler  that  it 
may  be  readily  aelcil  upon  by  those  re-agents  with  which  we  pur- 
pose tu  treat  it.  To  ctl'.iet  tiiis  pulverization  a  pestle  and  mortar 
will  be  requisite,  consisting  of  Wedgwood  ware,  porcelain,  steel,  or 
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H^e^coording  to  the  hardness  of  tlie  mineral  wLicli  is  being  ex- 
Hknined. 

H  We  may  divide  tlie  examination  of  metallic  ores  under  two  lieads : 
BBiey  consist  of  complete  analysis,  or  the  determination  of  all  or 
^Bost  of  the  constituents  of  the  ore  examined,  under  the  first  class; 
Bind  the  second  class  of  analyses  consists  in  tlie  determination  of 
Bbpc  element  only, 

H  The  examinations  included  in  the  second  class  are  conducted  by 
Hpro  methods,  the  dry  way  and  the  wet  way;  if  the  former  method 
mbe  adopted,  the  reactions  are  protluced  between  the  mineral  treated 
Hptd  the  re-agents  used,  by  the  assistance  of  a  high  temperature,  no 
Hcdvent  being  employed  in  the  process  except  such  as  act  as  sol- 
Bents  when  fused ;  this  method,  however,  we  do  not  purpose  con- 
sidering in  the  present  work.  In  the  employment  of  the  second 
■Method  the  elements  are  caused  to  act  upon  each  other  by  being 
in  solution,  though  in  some  stages  of  these  operations  heat  has  to 
be  resorted  to,  without  using  at  the  same  time  any  solvent. 

We  can  only  conclude  that  the  advantage  gained  in  using  sol- 
vents at  a  given  temperature,  when  elements  are  required  to  act 
upon  each  other,  is  due  to  the  finely  divided  state  in  which  the 
bodies  are  brought  into  contact  with  each  other,  for  we  find  that 
some  substances,  which  will  not  act  upon  each  other  when  solid, 
will  do  so  slowly  and  at  ordinary  temperatures  when  finely  pow- 
dered, and  fur  more  rapidly  when  they  are  dissolved.  Let  ua  now 
consider  the  solvents  which  we  may  be  likely  to  require  in  our 
various  operations  hereafter  to  be  described. 

Water  is  doubtless  the  most  important  of  all  solvents,  for  with- 
out it  we  should  have  but  few  others;  thus  sulphuric  acid,  hydro- 
chloric acid,  nitric  acid,  and  ammonia  are,  for  instance,  but  solu- 
tions of  those  substances  of  which  they  bear  the  names. 

There  are  but  few  minerals  whioh  can  be  advantageously  treated 
by  pure  water  as  a  solvent,  though  they  may  mostly  be  decom- 
pose! by  hydrochloric  acid,  or  by  a  mixture  of  hydrochloric  and 
nitric  acids,  which  is  called  aqua  regia.  Hence  we  see  thai 
although  some  substances  may  not  be  dissolved  in  water,  they  ma^ 
be  dissolved  when  that  solvent  also  contains  some  other  bodyi  such 
as  hydrochloric  acid  gas,  ka.,  ka. ;  though  it  is  true  that  it  very  fre- 
quently happens  that  the  body  to  be  dissolved  first  combines  with 
the  bo<ly  already  dissolved  in  the  water;  or  at.  qJJ,  events,  if  tlm 
24 
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BolutioTi  he  evaporated  to  dryness,  the  two  bodies  will  be  found  is 
combination  fdth  each  other. 

The  most  usual  solvent  employed  ia  the  examination  of  metallic 
ores  ia  hydrochloric  acid,  assisted  in  many  cases  by  the  powerful 
oxidizing  agent,  nitric  acid;  for  we  may  here  observe,  that  until  ■ 
body  is  reduced  to  the  condition  of  an  oxide,  it  cannot  be  acted 
upon  by  acids,  as  in  all  cases  oxygen  ia  concerned  in  the  reaction. 

There  are  other  bodies  besides  acids  which  assist  in  the  solution 
of  various  substances.  Thus,  although  oxide  of  copper  cannot  be 
dissolved  in  pure  water,  it  dissolves  readily  in  ammonia,  which  is 
an  aqueous  solution  of  ammoniacal  gas. 

Again,  alumina  will  not  dissolve  in  pure  water;  but  it  may 
readily  be  dissolved  in  a  solution  of  caustic  potassa. 

We  have  "aovf  given  examples  of  the  solution  of  substances  in 
acids  and  alkalies,  but  salts  are  also  useful  in  some  cases.  Thus 
protoxide  of  manganese  may  be  retained  in  solution  by  chloride 

When  an  oxyacid  acts  upon  a  base  an  action  is  produced  which 
may  be  illustrated  by  the  following  example :  If  oxide  of  iron  ba 
operated  upon  by  sulphuric  acid,  which  contains  one  atom  of  sul- 
phur and  three  atoms  of  oxygen,  sulphate  of  oxide  of  iron  is  pro- 
duced by  the  combination  of  the  two;  but  if  it  be  acted  upon  hy 
hydrochloric  acid,  which  consists  of  one  atom  of  hydrogen  and  one 
of  chlorine,  chloride  ol  iron  is  formed  by  the  union  of  metallic  iron 
with  chlorine,  whilst  the  hydrogen  of  the  acid  combines  with  the 
oxygen  of  the  oxide  to  form  water;  thus  the  effect  of  a  hydracid 
is  very  different  from  that  of  an  oxyacid. 

We  may  therefore  say  that  oxyacids  combine  with  oxides  to 
form  one  compound;  whereas,  when  an  hydracid  acta  upon  an 
oxide,  the  radical  of  the  acid  combines  with  the  metallic  base  rf 
'  the  oxide  to  form  a  haloid  salt. 

We  will  next  mention  the  recovery  of  a  solid  body  from  a  soli 
tion. 

This  may  be  performed  in  a  variety  of  ways.  Thus  we  may  re 
cover  substances  from  a  solution  by  evaporating  it  to  dryness,  alwi 
by  withdrawing  or  expelling  the  substance  by  which  it  was  re 
tained  in  solution;  or  finally,  by  combining  the  body  to  be  reoov 
'  ered  with  some  element  which  forms  with  it  an  insoluble  compoowl. 

If  we  have  oxide  of  copper  dissolved  in  ammonia,  we  may  » 
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wv^T  J*  hv  coro'j'niag  the  ammonia  with  an  acid,  when  it  will  be 
Eeiitrjlizsd,  ir.d  the  oxide  of  copper  will  be  found  at  the  bottom 
of  the  veaae'- 

"Water  conttiining  free  carbonic  acid  will  dissolve  a  portion  of 
carbonate  of  limo;  but  the  free  acid  can  be  expelled  bj  boiliuff,  or 
by  filtration  through  some  Bubatanoe,  when  the  carbonate  of  lime 
be  precipitated  to  the  bottom  of  the  solution. 

Let  us  take  aome  examples  of  the  third  method  of  recovering 
■Babstances  from  solution. 

Acetate  of  lead  is  soluble  in  water  containing  a  alight  quantity 
of  free  acetio  acid;  sulphuric  add  ia  soluble  in  water.  If  sulphurio 
acid  be  allowed  to  operate  upon  acetate  of  lead,  the  acetic  acid  ia 
displaced  and  sulphate  of  lead  is  formed;  sulphate  of  lead  is,  how- 
ever, insoluble  in  tlie  water  and  auetic  acid;  if,  therefore,  sulphurio 
acid  is  added  to  a  solution  of  acetate  of  lead,  sulphate  of  lead  will 
be  preeipitated  to  the  bottom  of  the  solution,  firom  which  the  lead 
itaelf  may  be  recovered  if  neceaaary. 

ITiis  result  will  also  be  obtained,  if  a  soluble  sulphate  be  added 
to  a  solution  of  acetate  of  lead,  and  we  find,  as  a  genera!  rule,  that 
whenever  two  elements  capable  of  forming  an  insoluble  compound 
are  brought  together  in  a  solution,  that  compound  ia  formed  and  ia 
found  at  the  bottom  of  the  vessel. 

It  has  been  proposed,  aa  a  solution  of  the  question  which  natu- 
rally arises  when  we  see  a  compound  formed  by  elements  arranging 
themselves  in  a  way  which  appears  contrary  to  their  strongest 
affinities  to  form  an  insoluble  compound,  that  the  bodies  dissolved 
are  in  motion,  constantly  interchanging  their  elementary  molecules, 
in  proportions  dependent  upon  the  relative  affinities  of  the  various 
elements  for  each  other ;  during  which  reaction  the  insoluble  com- 
poHuds  would  precipitate  whenever  they  were  formed,  thus  putting 
the  elements  contained  in  them  out  of  the  reach  of  further  inter- 
change. But  we  must  not  occupy  our  space  with  speculations  of 
this  nature,  although  their  scientific  interest  ia  unlimited,  and  they 
may  result  in  discoveries  practically  useful ;  for  it  is  sufficient  for 
our  present  purpose  to  know  that  whenever  the  elements  of  an 
insoluble  compound  are  in  solution  together,  that  compound  will 
be  formed  and  precipitated. 

We  will  now  examine  the  means  at  hand  by  which  we  may 
Beparate  the  various  constituents  of  compounds  which  we  are  de 
fliroua  of  analyzing. 
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Let  US  suppose,  in  the  first  instance,  Ibat  we  have  a  solid  s 
Btance,  and  that  we  reduce  it  to  a  powder,  and  act  upon  it  with  a 
solvent;  say,  for  instance,  tliat  the  solid  substance  contains  gilicn, 
iron,  manganese,  alumina,  &c.,  with  erjBtalline  carbon.  Let  U9 
heat  this  substance  in  hydrochloric  acid,  then  we  may  dissolve 
every  thing  except  the  carbon ;  well,  if  this  ia  the  case,  the  carbiin 
ia  evidently  separated  from  the  other  conatituenta  of  the  hody 
nndergoing  examination.  But  we  must  clear  the  solution  of  the 
insoluble  residue.  This  is  effected  by  filtering  it  through  unsized 
paper;  the  crystallized  carbon,  known  as  graphite,  will  remain 
upon  the  filter,  where  it  may  be  washed  by  pouring  distilled  water 
upon  it,  in  order  to  free  it  from  all  traces  of  the  substances  in 
solution  in  the  liquid. 

We  may  then  evaporate  the  solution  to  dryness,  and  again  act 
upon  it  with  the  same  solvent,  when  we  shall  find  that  there  will 
again  be  an  insoluble  residue ;  but  this  time  it  will  be  silica,  vliicb 
may  be  collected  on  a  filter  as  the  carbon  was  before. 

"We  shall  now  have  a  number  of  substances  dissolved  in  the 
filtrate  which  cannot  be  extracted  in  a  similar  manner ;  for  if  these 
be  recovered  by  evaporation  to  dryness,  we  shall  find  that  dilute 
hydrcxihloric  acid  will  dissolve  the  whole,  leaving  no  residue  be- 
hind. "VVe  mitst,  therefore,  look  about  for  some  other  method  of 
separating  the  bodies  in  solution. 

If  we  now  cause  the  iron  in  solution  to  take  up  as  raucL  oxygen 
as  it  will  combine  with,  and  then  nearly  neutralize  the  free  auid  in 
solution  by  the  addition  of  carbonate  of  ammonia,  after  which  we 
add  ammonia  and  acetate  of  ammonia,  and  boil  the  liquid,  the  irua 
will  be  precipitated,  in  combination  with  acetic  acid ;  this  may  be 
removed  by  filtration,  and  after  some  time  the  manganese  will  also 
be  precipitated. 

Thus  we  succeed  in  isolating  eacli  constitiient  of  the  mineral, 
and  this  constitutes  analysis.  Although  we  purpose  to  treat  of 
quantitative  analysis  only  in  the  subsequent  sections  of  this  work, 
we  will  nevertheless  make  a  few  remarks  here  upon  the  means  of 
determining  the  presence  or  absence  of  certain  substances  in  a 
solution.  If  to  a  solution  of  iron  we  add  ferrocyanide  of  potas- 
sium, the  precijtitate  which  forms  has  a  blue  color ;  hence,  if  a 
solution  on  the  aildition  of  that  re-agent  exhibits  a  blue  preoipitatfi, 
iron  is  jjresent.     But  tlie  iron  may  exist  as  a  persalt  or  as  ft  pro- 
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alt ;  that  is  to  say,  the  salt  may  correspond  to  sesquioxlde  or  to 
jirotoxide  of  iron. 

Let  ferrocyanide  of  potassium  in  solution  be  added  to  the  solu- 
tion of  iron,  then,  if  a  protosalt  be  present  the  blue  color  wUl 
appear,  but  not  otherwise. 

If  a  solution  be  freed  from  iron  and  contain  copper,  then,  on 

the  addition  of  ferrocyanide  of  potassium,  a  brown  precipitate  will 

be  formed.     Also,  if  the  solution  be  neutralized  with  aioraouia, 

_  »ud  an  excess  of  that  re-agent  be  added,  a  blue  solution  wiil  be 

•armed. 

J£  bright  iron  or  zinc  be  placed  in  an  acid  solution  of  copper, 
^e  copper  will  be  deposited  in  the  metallic  form. 

If  oxalic  acid  or  oxalate  of  ammonia  be  added  to  a  solution  of 
me,  a  white  precipitate  of  oxalate  of  lime  will  be  formed  and 

iposited. 

It  is  needless  to  multiply  examples,  but  we  see  that  bodies  in 
lolution  m.iy  be  recognized  by  the  color  of  the  solution,  or  by  that 
of  the  precipitate  formed  on  the  addition  of  certain  re-agents. 

In  a  systematic  course  of  qualitative  analysis,  the  experiments 
must  be  conducted  in  such  a  manner  as  will  allow  of  the  detection 
of  each  sub.'itance  in  turn. 

The  elements  also  give  peculiar  tinta  to  flame  in  which  they  are 
volatilized,  and  each  may  be  identified,  even  when  they  are  all 
mixed,  if  the  flame  be  examined  by  means  of  a  ptiam ;  for,  in  that 
cose,  various  colored  lines  will  appear  corresponding  to  the  elements 
present  in  the  Hame. 

The  quantity  of  some  elements  in  solution  may  be  determined 

rithout  separating  such  element  from  its  solution ;  but  before  con 

Ifidering  this  matter  we  must  examine  some  other  points  of  import 


It  not  unfrequently  occurs  that  the  state  of  the  substance  in 
nlution  requires  to  be  altered,  oxidized  or  deoxidized,  as  the  cast* 
lay  be ;  although  it  must  not  be  concluded  that  in  every  case  the 
lount  of  oxygen  is  actually  altered,  for  we  use  oxidizing  agents 
>  convert  protochioride  of  iron  into  perchloride ;  but  we  might  in 
e  call  the  re-agent  a  chlorinizing  agent,  as  those  we  employ 
metimes  generate  chlorine. 

Thus,  if  we  oxidize  by  passing  through  the  solution  a  current 
f  chlorine,  or  by  the  addition  of  chlorate  of  potash  and  hydro. 
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cliloric  acid,  which  will,  when  heat  is  applied,  liberate  chloriiKi 
we  may  say  that  the  chlorine  decompose  the  water,  releiiaing 
oxygen  to  form  peroxide  of  iron,  which  is  again  decomposed  hy 
the  hydrochloric  acid  formed  by  the  union  of  the  chlorine  with 
the  hydrogen  of  the  water,  perchloride  of  iron  being  ultiinataly 
formed ;  or  we  may  say  that  the  iron  combines  with  the  free,  ami, 
in  some  cases,  nascent  chlorine,  supplied  to  the  solution. 

Nitric  acid  is  perhaps  most  frequently  applied  as  an  oxidizing 
agent,  but  sulphuric  acid,  bichromate  of  potassa,  chromic  acid,  per- 
manganate of  potassa,  ic,  &c.,  are  also  applieable. 

Sulphurous  acid  may  conveniently  be  used  for  the  deosidation 
of  substances  in  Solution,  also  sulphite  of  soda.  All  bodies  that 
absorb  oxygeu  are  deoxidizers :  as  phosphorus,  potassium,  proto- 
sulphate  of  iron,  &c. 

Wo  have  already  stated  that  some  substances  may  be  di 
mined  as  to  quantity  without  removing  them  from  their  solutii 
we  may  take  as  a  fair  example  of  this  method,  that  which  ia 
quently  used  for  the  estimation  of  protoxide  of  iron. 

If  permanganate  of  potassa  be  added  to  a  solution  of  pi 
of  iron,  the  former  is  decomposed  and  the  latter  is  converted 
peroxide ;  the  solution  of  permanganate  of  potassa  is  of  a 
tint,  which  disappears  when  the  salt  is  decomposed.     Let  a  qi 
tity  of  permanganate  of  potassa  be  dissolved  and  placed  in  a 
ette  graduated  into  one  hundred  parts ;  let  alao  a  few  grains 
iron  be  dissolved  in  hydrochloric  acid,  and  the  permanganate  of 
potassa  be  added  to  it,  until  the  tint  ceases  to  be  destroyed;  then 
examine  the  burette  to  determine  the  number  of  divisions  ■  ' ' " 
correspond  to  one  grain  of  iron,  when  the  solution  will  be 
for  use  as  follows : 

Add  to  the  solution  containing  protoxide  of  iron  the  perman- 
ganate of  potassa,  until  the  rose  tint  appears ;  then  read  oft'  the 
number  of  divisions  of  the  burette  required,  and  by  the  data 
obtained  from  the  foregoing  experiment,  calculate  the  amount  of 
iron  present  in  the  solution.     This  is  Margueritte's  method. 

The  quantity  of  a  substance  may  also  be  determined  by  tho 
quantity  of  a  re-agent  required  to  precipitate  it. 

In  some  cases  it  is  directed  to  prepare  the  normal  solution 
volumetrical  determinations  similar  to  the  above  by  diaaol' 
given  weight  of  the  re-agent  xised  in  a  certain  volume  of 
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It  we  eoosuerit  preferable  in  every  case  to  test  tlie  strengtli  of 
Bie  solution  as  above. 

We  must  now  mention  the  manipulations  requisite  when  a  pre- 
oi])itate  is  to  be  weighed. 

The  precipitate  must  be  collected  on  a  filter  and  washed  until 
the  washings  contain  no  traces  of  the  substances  in  the  filtrate ;  or 
in  other  words  the  precipitate  must  be  washed  until  it  is  perfectly 
clean. 

In  some  cases  the  liquid  may  be  decanted  off  when  the  precipi- 
tate has  subsided,  which  may  then  be  washed  by  agitation  with 
water,  and  finally  culleetcd  on  a  filter. 

If  the  precipitate  will  not  bear  a  high  temperature,  it,  together 
with  the  filter  on  which  it  is  collected,  must  be  dried  in  an  air  or 
water-bath  at  212°  until  it  ceases  to  lose  weight;  the  whole  is 
then  weighed,  and  the  weight  of  the  filter  is  deducted  from  it. 

K  the  precipitate  is  to  be  heated  to  redness,  the  heat  must  be 
continued  until  the  filter  is  completely  consumed,  and  this  may  be 
facilitated  by  directing  a  gentle  current  of  oxygen  upon  it.  In 
this  process  the  precipitate  should  first  be  dried,  then  as  much  as 
possible  of  it  should  be  removed  from  the  filter  and  placed  in  the 
crucible  in  which  the  ignition  is  to  bo  performed ;  the  filter  may- 
then  be  burned  and  the  cinder  thus  obtained  is  to  be  added  to  the 
precipitate  in  the  crucible.  If  the  filter  leaves  an  ash,  the  weight 
of  this,  determined  by  a  separate  experiment,  must  be  deducted 
from  that  of  the  ignited  precipitate. 

Some  elements  are  estimated  by  loss.  Thus  if  we  expose  per- 
oxide of  iron  to  heat  in  a  current  of  hydrogen,  the  oxygen  will  be 
withdrawn  and  the  loss  of  weight  of  the  contents  of  the  vessel  in 
which  the  operation  is  performed  will  be  equal  to  the  weight  of 
oxygen  originally  existing  in  the  peroxide. 

This  method  may  also  be  used  for  the  estimation  of  iron,  which 
is  calculated  from  the  quantity  of  oxvgen  combined  with  it. 


■  ANALYSIS   OF   IRON   ORES    AND   IBOX. 

Before  detailing  the  processes  wliich  have  been  found  suitable 
for  the  examination  of  various  iron  ores  and  iron,  it  is  desirable 
to  give  some  account  of  those  minerals  from  which  the  iron  used 
is  commerce  is  most  generally  obtained. 
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Magnetic  Irm  Ore. — The  primitive  crystalline  form  of  this  snl- 
stance  is  the  cube ;  but  it  also  occurs  in  the  form  of  the  octahedron 
and  dodecahedron. 

The  mineral  is  somewhat  brittle,  of  an  iron-black  color,  and 
leaves  a  black  streak. 

The  ore  is  magnetic,  and  has  a  specific  gravity  of  about  5;  it 
contains  about  70  per  cent,  of  metallic  iron,  consisting  of  69  per 
cent,  of  peroxide  of  iron  and  31  per  cent,  of  protoxide  of  iron. 

Magnetic  iron  oxiile  occurs  in  granite,  gneiss,  mica-slate,  clay- 
slate,  syenite,  hornblende,  and  chlorite.  This  ore  also  oi-curs  in 
great  abundance  in  the  United  State.*,  in  the  Island  of  Elba,  awl 
the  iron-sand  of  New  Plymouth,  in  New  Zealand,  consists  princi- 
pally of  magnetic  oxide  of  iron ;  some  samples  of  it  recently  ei- 
amined  containing  about  69  per  cent,  of  metallic  iron. 

It  is  from  this  ore  also  that  the  celebrated  Danemara  iron  is 
prepared. 

Sjiecitlar  Iron — Jiiii  JFcmati/e. — This  ore  cry.^allizes  in  the  fourth 
system,  and  most  generally  appears  aa  a  modification  of  the  rhom- 
bohedron. 

The  crystals  are  of  a  dark  steel-gray  color ;  opaque  unless  in 
very  thin  laminie,  in  which  case  they  are  translucent  and  of  a 
blood-red  tinge ;  it  leaves  a  reddish-brown  streak,  and  has  a  specific 
gravity  of  from  4-8  to  5-3. 

Pure  specular  iron  consists  of  peroxide  of  iron^  and  therefore 
contains  70  per  cent,  of  metallic  iron. 

Finely  crystallized  specimens  of  this  ore  are  found  in  the  I.-Oand 
of  Elba;  also  at  St.  Gothard,  Arendal,  Sweden,  Framont,  Daii- 
phinc,  and  Switzerland ;  also  in  the  volcanic  districts — as  Strom- 
boli  and  Lipari,  Etna  and  Vesuvius. 

Red  hematite  in  reniform  masses  is  found  in  Cornwall,  I 
stone,  Saxony,  ic. 

Brown  Iron  Ore. — This  ore  is  a  mineral  which  presents  in  mMi 
a  brownish -yellow  color ;  but  when  pulverized  it  exhibits  a  yellow 
tiolor.  Its  specific  gravity  is  about  4,  and  when  pure  it  contains 
f'O  per  cent,  of  metallic  iron.  It  usually  occurs  in  tho  massiTe 
form ;  but  its  structure  varies  according  to  the  locality  from  which 
it  is  obtained. 

This  ore  consists  of  hydrated  peroxide  of  iron,  and  is  chiefly 
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pS^e^^EeBeclimentar^  formations.  This  ore  is  found  in  Nor 
Ipiandy,  B.-rry,  Burgundy,  Lorraine,  &c. 

Iran  Pyrites. — This  substance  is  never  treated  for  the  sake  of  the 
iron  which  it  contains;  but  it  is  frequently  employed  as  a  source 
of  sulphur.  It  crystallizes  in  the  cubic  system,  is  of  a  bninze- 
yellow  color,  with  a  metallic  lustre;  it  leaves  a  brownish -black 

!3k.     Its  specific  gravity  is  from  4"8  to  6"1 ;  it  is  brittle,  and 

■ikes  fire  with  steel. 

This  ore,  when  pure,  contains  two  equivalents  of  sulphur  and 
one  of  iron. 

Carbonate  of  Iriyn  occurs  in   rhombohedrons  and  in  six-aided 
prisms,  similar  to  carbonate  of  lime,  from  which  the  crystals  differ 
ightly  in  the  value  of  their  angles. 

It  is  commonly  more  massive,  with  a  foliated  and  somewhat 
■ed  structure. 

Tliis  mineral  is  of  a  light-gray  color;  but  externally  decom- 
sd,  it  becomes  dark -brown,  or  nearly  black.     When  pure,  this 

neral  consists  of  carbonate  of  jirotoxide  of  iron.     Spathose  iron 
is  found  in  rocks  of  various  ages,  and  is  frequently  observed 

accompany  otlier  metallic  ores.     Carbonate  of  iron  ia,  however, 
lost  plentifully  found  in  gneiss,  graywacke,  and  the  coal  formation. 

The  principal  deposits  in  the  United  Kingdom  are  at  Dudley, 
larkshire,  Ayrshire,  and  some  parts  of  Wales. 

Chrome  Iron  Ore. — This  mineral  crystallizes  in  the  cubic  system. 
It  commonly  occurs  in  the  massive  form;  is  of  an  iron-black  or 
blackish-brown  color,  and  when  broken  it  presents  a  dull  uneven 
■Qrface.  It  is  slightly  magnetic ;  has  a  dark-brown  streak,  and  a 
Hensity  varying  from  4'3  to  4-5, 

I  Chrome  iron  consists  chiefly  of  protoxide  of  iron,  alumina,  and 
peequioxide  of  chromium.  It  is  ordinarily  found  in  veins  travers- 
■Bg  serpentine  rock.  It  occurs  ordinarily  in  Styria  and  in  the 
HShetland  Islands. 

m  Amorphous  chrome  iron  is  obtained  in  France,  Silesia,  Bohemia, 
pod  Greenland. 

I  Iron  is  also  a  constituent  of  a  very  extensive  variety  of  min- 
■nls :  but  we  only  deem  it  necessary  to  mention  such  as  are  useful 
pn  metallurgy,  or  are  likely  to  come  into  the  metallurgist's  hands, 
EWe  have  therefore,  with  tlie  exception  of  one  or  two  ores,  passed 
b  silence  such  as  are  not  used  in  the  manufacture  of  iron. 
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We  will  now  pas3  on  to  deacribe  various  mstlio-la  of  eatiinatii 
iron,  of  separating  it  from  otiier  bofliea,  aud  of  performiag  analyses 
of  various  descriptiutis  of  iron  ores, 

Oi'es,  the  constituents  of  which  are  known,  maj  in  many  caaa 
require  the  iron  only  to  be  determined.  But  when  such  compo- 
nents aa  sulphur  aud  phosphorus  ocour,  it  is  highly  dearable  to 
determine  the  proportion  in  which  they  exist,  as  this  knowledge 
will  enable  us  to  form  an  opinion  aa  to  the  quality  of  the  iron 
obtained  from  such  ore.  In  many  cases  it  will  be  desirable  lo 
perform  a  complete  analysis  of  the  ores.  Cast-iron  and  steel  us 
analyzed  to  ascertain  the  quantity  of  carbon  and  other  foreign  bI« 
menla  contained  in  them,  and  it  is  also  desirable  to  examine  sucli 
specimens  of  wrought  or  malleable  iron  as  may  exhibit  peculiar 
properties  or  great  strength,  as  thereby  some  valuable  information 
may  be  obtained. 

Eslimalion  of  Iron. — In  estimating  iron,  it  is  usual  to  weigh  it  in 
the  state  of  peroxide,  wbicli  contains  70  per  cent,  of  metallic  iron. 
When  this  oxide  exists  ready-formed  in  a  liquid,  it  may  most  con- 
veniently be  precipitated  either  by  ammonia  or  by  carbonate  of 
ammonia ;  but  the  oxide  must  be  precipitated  from  a  heated  solu- 
tion, otherwise  it  will  be  deposited  as  a  gelatinous  maas  whicli 
cannot  be  easily  purified  by  washing.  If  iron  exists  in  a  solution, 
the  state  of  protoxide,  it  is  necessary,  previous  to  precipitation,  to 
convert  it  into  peroxide, — which  may  be  effected  by  boiling  with 
nitric  acid  or  chlorate  of  potassa,  or  by  passing  a  current  of  chlorine 
gas  through  it.  In  the  latter  case,  however,  it  will  be  necessary 
to  remove  the  excess  of  chlorine  by  subsequent  ebullition  of  the 
Bolution.  The  iron  being  peroxidized,  may  then  be  precipitated 
l,y  «mmoma. 

Chlorate  of  potassa  should  only  be  used  when  the  solation 
tains  hydrochloric  acid.  The  oxidizing  effect  is  due  to  the  lil 
tion  of  chlorine. 

There  is  some  danger  of  error  occurring  from  the  use  of  am- 
monia to  precipitate  the  iron,  as  a  slight  excess  of  that  re-agent 
will  re-dissolvo  a  portion  of  the  precipitate,  thereby  vitiating  the 
results. 

It  is  desirable,  on  this  account,  where  greater  accuracy  Is  re- 
qnired,  to  precipitate  the  iron  in  the  form  of  succinate  or  benzoata 
and  in  some  cases  as  basic  acetate.     The  salt  thus  obtained  laJ 
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[nposed  by  heating  in  a  platinum  crucible,  and  tlien  weighed  aa 
peroxide.  It  occasionally  happens  that  the  operator  is  obliged  to 
throw  dowD  the  iron  by  means  of  an  excess  of  caustic  potassa ; 
but  when  this  course  is  pursued  the  precipitate  contains  traces  of 
potassa,  which  can  only  be  removed  by  long-continued  washing. 
Should  the  amount  of  sesquioxide  of  iron  be  large,  it  may  most 
reailily  be  freed  from  potassa  by  re-dissolving  the  precipitate  in 
hydrochloric  acid,  diluted,  and  re-precipitating  it  by  suecinata  or 
benzoate  of  ammonia,  after  carefully  neutralizing  the  solution. 

When  the  solution  also  contains  organic  matter,  such  as  sugar, 
starch,  or  some  of  the  vegetable  acids,  the  iron  cannot  be  precipi- 
tated either  by  ammonia  or  its  carbonate,  and  it  must  be  treated 
with  sulphide  of  ammonium,  which  precipitates  the  whole  of  tho 
iron  as  sulphide.  To  obtain  ihc  iron  in  the  state  of  sesquioxide; 
this  precipitate  should  be  thrown  on  a  filter  and  carefully  washed 
with  a  very  dilute  solution  of  sulphide  of  ammonium.  This  last 
is  added  in  order  to  prevent  the  formation  of  sulphate  of  iron, 
which  would  be  dissolved  and  carried  through  the  filter,  thereby 
occasioning  loss. 

When  the  precipitate  has  been  sufficiently  washed,  it  is  digested 
in  hydrochloric  acid;  the  solution  is  then  peroxidized  and  precipi- 
tatcl  by  succinate,  benzoate,  or  acetate  of  ammonia. 

Estimation  of  Iron  in  Iron  Ores. — We  will,  under  this  heading, 
insert  various  methods  of  estimating  iron  which  have  been  pro- 
posed as  suitable  for  the  determination  of  iron  existing  in  ores  of 
that  metal. 

Fuch's  ifethad, — The  specimen  is  to  be  dissolved  in  strong  and 
pure  hydrochloric  acid,  and  peroxidized,  either  by  adding,  cau- 
tiously, crystals  of  chlorate  of  potassa,  or  by  passing  a  current  of 
chlorine  gaa  through  the  solution. 

The  peroxidation  is  ascertainwl  by  testing  with  ferrieyanide  of 
potassium,  which  produces  a  blue  precipitate  with  protoxide  of 
iron,  but  none  with  peroxide. 

The  solution  having  been  peroxidized,  it  is  to  be  boiled  for  a 
few  minutes  in  order  to  expel  any  excess  of  chlorine  which  mov 
exist. 

A  weighed  quantity  of  pure  copper  is  then  introduced,  and  the 
boiling  is  then  continued  until  tho  color  of  the  solution  changed 
to  a  jiale  yellow-green.     When  no  further  change  of  ci'hir  is  ob- 
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aervMl  to  take  place,  the  flask  must  be  filled  up  with  hot  water 
and  the  copper  removed,  washed  in  cold  water,  dried,  and  weighed. 

The  loss  of  weight  indicatea  the  amount  of  chlorine  eonaumeu 
to  convert  the  original  protochloride  into  perchloride  of  iroD; 
every  equivalent  of  copper  and  every  equivalent  of  chlorimj 
converting  two  equivalents  of  protoehloride  of  iron  into  per' 
cbloriile. 

It  follows  -  that  every  equivalent  of  copper  corresponds  to  two 
equivalents  of  perchloride  of  iron  in  solution ;  or,  what  amounti 
to  the  same  thing,  to  two  equivalenta  of  peroxide  of  iron  in  the 
substance  analyzed, — ^which  peroxide  of  iron  contains  70  per  cent 
of  metallic  iron. 

Taking  the  equivalent  of  copper  at  81'66,  and  that  of  iron  M 
28,  it  follows  that  for  every  100  parts  lost  from  the  weight  of  iha 
copper  tlicre  exists  in  the  solution  176-88  parts  of  metallic  iron. 

This  method  requires  very  great  care  in  order  to  give  results  st 
all  approaching  the  truth,  and  it  is  totally  inapplieable  when  ihe 
solution  contains  arsenic. 

MargueriUe's  Method. — This  method  is  based  upon  the  employ- 
ment of  a  standard  test  solution,  and  on  the  reciprocal  action  of  tba 
salts  of  protoxide  of  iron  and  permanganate  of  potassa,  whereby 
a  quantity  of  the  latter,  exactly  proportional  to  the  quantity  of 
protoxide  of  iron  present,  is  decomposed. 

The  ore  is  dissolved  in  hydrochloric  acid,  and  the  metal  ia 
brought  to  the  minimum  of  oxidation,  which  ia  done  by  treating 
the  solution  with  sulphate  of  soda,  and  boiling  to  expel  the  excess 
of  sulphuric  acid.  The  solution  of  permanganate  of  potassa  is  now 
cautiously  added,  until  the  pink  color  of  the  test  solution  appears. 
And  the  number  of  divisions  of  the  burette  required  to  effect  this 
ia  accurately  noted. 

The  permanganate  is  decomposed  so  long  as  any  protosalt  of 
iron  exists  in  the  solution ;  but  when  it  has  all  been  converted  into 
a  persalt,  the  permanganate  then  added  remains  undeeomposei 
and  is  detected  by  its  color.  The  solutiou  must  contain  no  sub- 
stance that  may  decompose  the  permanganate,  therefore  all  the  ex- 
cess of  sulphurous  acid  must  bo  carefully  expelled. 

Copper  and  arsenic  interfere  in  this  manner  with  tlie  accuracy 
of  the  process,  and,  according  to  Dr.  Noail,  were  the  only  nwHalt   i 
found  to  do  so.  But  a  slight  modification  of  the  process  overc 


■  APPEN'DIX.  381 

ttiese  difficulties,  which  are  created  by  the  reduction  of  the  com- 
pounds of  those  metals  by  the  sulphite  of  soda. 

The  operation  is  proceeded  with  as  usual,  except  that  after 
having  expelled  the  excess  of  sulphurous  acid  by  ebullition,  a 
piece  of  pure  laminated  zinc  is  added,  which,  acting  upon  the 
hydrochloric  acid,  disengages  hydrogen ;  arsenic  and  copper  are 
reduced  to  the  metallic  state.  When  the  solution  of  the  zinc  is 
complete,  the  precipitated  particles  of  arsenic  and  ooppcr  are  re- 
moved by  filtration,  and  the  clear  liquor  proceeded  with  as  before, 

To  prepare  the  permanganate  of  potessa,  7  parts  of  chlorate  of 
potassa,  10  parts  of  hydrate  of  potassa,  and  8  parts  of  peroxide  of 
manganese,  are  intimately  mixed ;  the  manganese  should  be  re- 
duced to  the  finest  possible  powder,  and  the  potassa,  having  been 
dissolved  in  water,  is  mixed  with  the  other  substances,  dried,  and 
the  whole  heated  to  dull  redness  for  an  hour.  The  fused  mass  is 
then  digested  in  as  little  water  as  will  dissolve  the  salt ;  and  to  this 
solution  is  added  nitric  acid,  until  it  assumes  a  rich  violet  tint.  It 
is  subsequently  filtered  through  asbestos  (au  organic  filter  would 
decompose  the  permanganate  of  potassa)  in  order  to  separate  the 
peroxide  of  manganese  suspended  in  the  solution.  The  solution 
must  be  carefully  protected  from  contact  with  organic  matter,  even 
the  small  particles  in  the  atmosphere  affecting  it. 

To  convert  the  liquor  into  a  standard  test  solution,  a  given 
quantity,  say  10  grains,  of  pure  iron,  is  dissolved  in  hydrochloric 
acid.  When  the  solution  is  complete,  the  liquid  ia  diluted  with 
about  half  a  pint  of  cold  water,  and  the  solution  of  the  permanga- 
nate of  potassa  is  added  until  the  pink  color  reappears,  and  the 
number  of  divisions  of  the  burette  requisite  to  produce  this  is 
carefully  noted, — from  which  the  value  of  the  solution  may  be 
readily  calculated. 

Dr.  Penny's  Method. — This  methoil  is  based  upon  a  reciprocal 
action  existing  between  chromic  acid  and  protoxide  of  iron, 
whereby  a  transference  of  oxygen  takes  place,  the  protoxide  of 
iron  becoming  converted  into  eesquioxide,  and  the  chromic  acid 
into  sesquioxide  of  chromium. 

The  iron  in  clay-lwind  and  black-band  iron  stone  being  chiefly 
in  the  condition  of  carbonate  of  iron,  is  boiled  in  hydrochloric 
loid,  in  order  to  convert  the  metallic  salt  into  a  protoehloride,  and 

B  standard  solution  of  bichromate  of  potassa  is  then  added,  until 
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the  solution  is  peroxidized,  which  is  ascertained  by  frequenfly 
testing  it  with  ferricyanide  of  potassium.  When  the  blue  precipi- 
tate ia  no  longer  formed  the  protosalt  is  entirely  converted  inw  i 
persalt. 

The  test  solution  is  thus  prepared :  44'4  gra.  of  the  salt  in  fine 
powder  are  weighed  out  and  put  into  &  burette,  graduated  into  100 
parts,  and  the  instrument  is  filled  to  0  with  warm  distilletl  watiir. 

The  burette  is  then  closed  by  the  palm  of  the  hand,  and  its  eon- 
tents  are  agitated  until  the  salt  is  completely  dissolved  and  llie 
eolntion  rendered  of  uniform  density  throughout.  Each  division 
of  the  solution  thus  prepared  contains  O'44-l:  grs.  of  the  hichromato 
of  potassa,  which  Dr.  Penny  found  to  correspond  to  half  a  grm 
of  metallic  iron. 

The  bichromate  must  be  pure,  and  should  be  thoroughly 'dried 
by  heating  to  incipient  fusion. 

Eslimation  by  means  of  hydrogen. — This  method  may  be  employed 
when  all  the  iron  exists  as  sesquioxide,  and  no  other  substancs 
capable  of  being  reduced  by  hydrogen  ia  present. 

The  mineral,  in  a  fine  powder,  is  carefully  ignited  in  the  ss, 
and  then  in  hydrogen.  The  hydrogen,  which  should  be  qtiJW 
dry,  abstracts  the  oxygen  from  the  sesquioxide,  and  the  amounl 
of  iron  contained  in  the  compound  may  be  calculated  from  the  loss 
of  weight. 

Sesquioxide  of  iron  contains  30  per  cent,  of  oxygen.  ThcrefoKi 
for  every  100  parts  of  weight  lost  by  ignition  in  hydrogen,  tlis 
Bubatance  examined  contains  238'33  parts  of  metallic  iron. 

We  will  now  explain  various  methods  of  separating  iron  from 
other  substances. 

StpanUion  of  Protoxide  of  Iron  from  Peroxide  of  Iron. — Fr^ 
aeniiis'a  Mel/iod.— On  the  property  possessed  by  salts  of  the  pro- 
toxide of  iron  to  resist  decomposition  by  boiling  with  an  earttj 
carbonate,  is  based  a  process  for  its  separation  from  peroxide  of 
iron,  when  the  two  exist  in  solution  together. 

When  boiled  with  carbonate  of  baryta,  the  salt  of  the  peroxid* 
only  ia  decomposed;  the  solution,  filtered  from  the  precipitatftl 
peroxide  and  excess  of  carbonate  of  baryta,  is  boiled  with  nitric 
acid  to  convert  the  protoxide  of  iron  into  peroxide,  which  last  !• 
precipitated  by  ammonia  after  the  baryta  ha.f  been  separated  bj 
the  addition  of  sulphuric  acid. 


r    Sose'a  Jtftlfuxi. — Dissolve  a  weighed  quantity  of  the  mixture  iu  hy- 

r'drochloricacid;  peroxidize  the  protoxide  by  boiling  with  nitric  acid. 

'  Then  precipitate  the  iron  by  ammonia,  dry,  ami  weigh.  The 
increase  of  weight  upon  that  of  the  original  mixture  ia  caused  by 
the  acquisition  of  oxygi'n,  which  converts  the  protoxide  into 
peroxide.  During  the  process  of  peroxidation  every  two  equiva- 
lents of  protoxide  combines  with  one  equivalent  of  oxygen;  hence 
every  100  parts  of  increased  weight  represent  700  parts  of  mutollio 
iron  in  the  form  of  protoxide,  or  900  parts  of  the  protoxide. 

As  the  quantity  of  oxygen  taken  up  in  this  process  is  exceed- 
ingly small,  the  experiments  must  be  very  carefully  performed,  the 
error  occurring  in  the  increase  of  weight  being  multiplied  nine 
times  in  the  final  result. 

Hms's  MfOiod,  2d. — The  mixed  oxides  are  converted  into  metal- 
lic iron,  by  ignition  in  a  current  of  dry  hydrogen,  and  the  water 
formed,  as  also  the  quantity  of  iron  reduced,  is  ascertained. 

W^ooii's  Analysis.-^-The  quantity  of  peroxide  of  iron  in  a  solu- 
tion of  protoxide  and  peroxide  in  hydrochloric  acid  may  be  deter- 
mined in  the  following  manner. 

The  compound  is  powdered  finely  and  placed  in  a  flask,  from 
which  the  whole  of  the  atmospheric  air  is  expelled  by  a  current 
of  carbonic  acid  gas ;  sufficient  hydrochloric  acid  to  dissolve  the 
powder  is  added,  and  the  flask  is  quickly  and  securely  closed. 
The  solution  of  the  powder  being  completed,  recently-prepared 
and  perfectly  clear  sulphuretted  hydrogen  water  is  added  in  excess, 
the  flask  again  closed,  and  the  whole  allowed  to  remain  at  rest  for 
some  days.  The  peroxide  of  iron  is  reduced  to  protoxide  by  the 
sulphuretted  hydrogen,  and  a  proportional  quantity  of  sulphur  is 
deposited.  This  is  carefully  collected  on  a  small  weighed  filter, 
and  washed  and  dried  at  a  gentle  heat.  The  filter  must  be  pro- 
tected from  the  atmosphere  during  the  process  of  filtration. 

From  the  quantity  of  sulphur  deposited,  the  amount  of  perox- 

ude  of  iron  originally  present  may  be  calculated. 

■    Every  16  parts  of  sulphur  indicate  70  parts  of  peroxide  of  iron. 

H    Fuch's  Method. — This  method  of  determining  the  peroxide  of 

Bron  is  detailed  at  page  380. 

H    The  quantity  of  protoxide  of  iron  present  in  the  solution  of  the 

Hhro  oxides  may  also  be  determined  by  the  volumotrical  method 

^■f  Margueritte  or  Penny. 
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Id  conducting  these  various  processca  intended  for  the  c 
mination  of  the  proportions  in  which  the  peroxide  and  protoxide 
of  iron  exist  when  they  are  together  in  a  cotnjx>und,  great  care 
must  be  taken  during  the  solution  of  the  substance  to  be  analyzed 
that  no  possibility  occurs  either  of  the  peroxidation  of  the  pro- 
toxide, or  of  the  reduction  of  the  peroxide. 

Separation  of  PeroxiJe  of  Iron  frovi  Protoxide  of  ManganfK. — 
This  may  bo  effected  by  precipitating  the  iron  from  a  neutral  so- 
lution by  succinate  or  benzoate  of  ammonia,  wbich  re  agents  do  not 
precipitate  protoxide  of  maugaueae.  If  any  iron  exista  in  the 
solution  as  protoxide,  it  must  first  be  converted  into  peroxide  by 
boiling  with  nitric  acid,  or  with  hydrochloric  acid  and  chlorate  of 
potassa. 

If  the  solution  ia  acid  it  must  be  neutralized  by  ammonia, 
chloride  of  ammonium  being  added  to  prevent  the  precipitation 
of  protoxide  of  manganese,  A  slight  excess  of  ammonia  may  be 
added,  so  that  a  trace  of  peroxide  of  iron  remains  undissolved 
when  the  solution  is  heated. 

Succinate  of  soda,  or  succinate  or  benzoate  of  ammonia,  may  be 
Qsed  as  the  precipitant.  The  precipitate,  which  is  bulky,  sboidd 
be  washed  with  caustic  ammonia  while  on  the  filter,  in  order  to 
remove  the  greater  portion  of  the  organic  acid,  that  there  may  be 
less  risk  of  reducing  a  portion  of  peroxide  during  the  ignition  of 
the  precipitate.  From  the  filtrate,  protoxide  of  manganese  may  be 
precipitated  by  soda.  Peroxide  of  iron  and  protoxide  of  manga- 
nese may  also  be  separated  in  the  following  manner :  Dissolve  the 
oxides  in  hydrochloric  acid,  and  boil  the  solution  witli  carbonate 
of  baryta  or  with  carbonate  of  lime ;  the  perchloride  of  iron  ia 
decomposed  with  precipitation  of  the  peroxide,  and  the  formation 
of  a  corresponding  quantity  of  chloride  of  barium  or  chloride  of 
calcium ;  while  on  the  contrary,  the  protochloride  of  manganese 
is  not  affected  by  the  earthy  carbonate.  The  latter  is  added  to  the 
solution  of  the  two  oxides,  so  long  as  effervescence,  due  to  the 
escape  of  carbonic  acid,  continues.  When  effervescence  has  ceased, 
the  solution  is  boiled  for  a  short  time  and  then  filtered.  The  pre- 
cipitate of  peroxide  of  iron,  with  excess  of  earthy  carbonate,  i* 
then  dissolved  in  hydrochloric  acid ;  and  if  carbonate  of  lime  has 
been  used,  ammonia  is  added,  to  re-precipitate  peroxide  of  iron, 
avoiding  exposure  to  the  air  as  much  as  possible,  to  prevent  the 


Absorption  of  carbonic  acid  and  formation  of  carbonate  of  lime. 
If  carbonate  of  baryta  lias  been  used  instead  of  carbonate  of  lime, 
baryta  may  Brst  be  separated  from  the  solution  in  hydrochloric 
acid  by  sulphuric  acid,  after  which  the  solution  is  filtered  and  the 
peroxide  of  iron  preeipil;ited  by  the  addition  of  ammonia. 

The  solution,  filtered  from  the  precipitate  of  peroxide  of  iron 
and  excess  of  earthy  carbonate,  contains  chlorido  of  manganese, 
and  also  chloride  of  calcium  or  barium.  If  the  former,  oxide  of 
manganese  is  separated  as  follows :  Chloride  of  ammonium  is  first 
added  to  the  solution  (unless  it  contains  a  large  quantity  of  frea 
acid)  to  prevent  precipitation  by  ammonia,  which  is  next  addeil ; 
after  which  the  manganese  is  precipitated  as  sulphide  by  sulphide 
of  ammonium.  The  precipitate  is  collected,  washed  with  a  very 
dilute  solution  of  sulphide  of  ammonium,  and  dissolved  in  hydro- 
chloric acid;  the  solution  is  then  heated  u[itil  the  sulphuretted 
hydrogen  thus  formed  is  completely  expelled,  which  is  known  by 
the  solution  bacoming  inodorous.  The  solution  is  now  filtered 
and  the  manganese  precipitated  by  carbonate  of  potaasa.  The 
solution  filtered  from  the  sulphuret  of  manganese  containing  lime 
(and  the  same  process  is  eSectual,  if  it  contains  magnesia)  is  acid- 
ified by  hydrochloric  aeid,  boiled  to  expel  sulphuretted  hydrogen, 
and  filtered.  The  filtered  solution  is  then  supersaturated  with 
ammonia,  and  the  lime  is  precipitated  as  oxalate  by  oxalate  of 
an.monia  or  oxalic  acid.  The  separation  is  also  effected  in  the 
Ibllowing  manner :  Carbonates  of  manganese  and  lime  are  pre- 
cipitated by  a  fixed  alkaline  carbonate,  the  solution  being  boiled 
at  the  time  of  precipitation.  The  precipitate  is  ignited  at  a  dull 
red-heat,  to  convert  the  carbonate  of  manganese  into  manganoso- 
manganic  oxide  (Mn,0,),  and  is  then  treated  with  very  dilute  nitric 
acid:  this  solution  dissolves  the  lime  with  effervescence,  leaving 
the  oxide  of  manganese  unacted  upon,  which  may  be  collected 
upon  a  filter,  washed,  ignited,  and  weighed. 

Any  trace  of  manganese  dissolved  by  the  nitric  acid  may  be 
precipitated  by  sulphide  of  ammonium,  after  neutralizing  the  acid 
by  caustic  ammonia. 

This  process  is  also  suitable  for  the  separation  of  manganese 
from  magnesia,  which  behaves  in  every  respect  as  the  lime. 

If  carironate  of  baryta  has  been  used  to  decompose  the  chloride 
Baf  iron,  the  baryta  may  be  separated  by  sulphate  of  soda,  which 
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will  precipitate  sulphate  of  barjta;   the  solution  may  AenT 
filtered,  and  the  oxide  of  manganese  precipitated  as  carbonate  ol' 


A  similtir  process  ia  frequently  used  to  effect  the  s^Htration  of 
peroxide  of  iron  from  other  oxides  whose  solutions  in  bydrocliloric 
ucid  are  not  decomposed  when  boiled  with  carbonate  of  lime  or 
baryta.  Two  precautions  must  be  adopted  in  this  process — 1.  Thnt 
neither  sulphuric,  phosphoric,  arsenic,  nor  boracic  acid  is  prestnl 
'n  the  solution ;  and  2.  That  all  the  iron  exists  in  the  state  of  per- 
oxide, as  ealta  of  the  protoxide  of  iron  are  not  decomposable  by 
carbonate  of  lime. 

Separation  nf  Iron  from  ChbaU  and  Nickel. — The  solution  of  iron 
IS  then  peroxirlized,  and  the  iron  ia  then  precipitated  by  sucmnalc 
or  benzoate  of  ammonia,  and  tlie  cobalt  and  nickel  in  the  fittrato 
are  separated  by  one  of  the  following  methods. 

Phillip's  Method. — ^Bjth  the  oxides  are  to  be,  if  not  already  in 
solution,  dissolved  in  an  acid,  and  the  solution  supersataratcJ  with 
ammonia,  having  previously  added  a  auf&cient  quantity  of  clilortJe 
of  ammonium  to  prevent  precipitition ;  the  solution,  which  is  of  a 
sky-blue  color,  is  then  largely  diluted  with  water  which  has  been 
previously  well  boiled  to  expel  atmospheric  air ;  caustic  potassa  ia 
added  to  the  solution,  and  the  vessel  is  closed  with  a  cork ;  oxide 
of  nickel  is  thus  precipitated,  but  the  oxide  of  cobalt  rem.iiiis  in 
solution ;  when  the  former  has  completely  settled,  the  Bupematant 
liquid,  which  should  have  a  rose-red  tint,  ia  filtered  ofE  and  tli* 
oxide  of  nickel  washed  with  hot  water,  ignited,  and  weighed; 
the  oxide  of  cobalt  in  filtrate  is  precipitated  by  sulphide  of  «n- 
monium. 

The  reason  which  renders  it  necessary  to  use  water  free  ftwn 
atmospheric  air  for  the  dilution  of  the  solution  is,  that  air  would 
cause  the  formation  of  peroxide  of  cobalt,  which,  precipitating  *« 
a  black  powder,  would  coutaminate  the  oxide  of  nickel.  The 
more  dilute  the  solution  is,  the  less  easily  does  the  oxide  of  coWl 
become  peroxidized. 

When  much  ammoniacal  salt  is  present,  a  very  oonsUereblt 
quantity  of  caustic  potassa  is  required  to  precipitate  the  ondeof 
nickel. 

According  to  Fresenius,  the  separation  by  this  method  is  b* 
perfect,  the  cobalt  invariably  retaining  a  trace  of  nickel,  and  toi 
precioitated  nickel  often  containing  traces  of  cobalt. 
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lA-ihiij's  J/cfAfl.i.^IIydroolilorii!  acid  is  addLil  to  the  solution  of 
the  two  motals,  and  then  cyanide  of  potassium,  in  such  excess  that 
the  precipitate  at  first  formed  ia  re-dissolved,  the  whole  is  boiled, 
adding  from  time  to  time  hydrochloric  acid,  until  hydrocyanic  acid 
cflasca  to  he  evolved.  An  escesa  of  caustic  potaasa  ia  then  added, 
and  the  boiling  is  continued  until  the  hydrated  protoxide  of  nickel 
is  completely  precipitated ;  the  solution  is  then  filtered,  and  the 
filtrate  contains  the  whole  of  the  cobalt  in  the  form  of  cobalticyan- 
ide  of  potassium ;  it  is  evaporated  to  dryness  with  excess  of  nitric 
acid,  the  residue  fused,  and  treated  with  hot  water;  peroxide  of 
cobalt  remains,  which  is  dissolved  in  hydrochloric  acid,  precip- 
itated as  os:ide,  by  potasaa,  and  reduced  by  a  current  of  hydrogen 
and  heat,  and  then  weighed. 

Rosea  Method. — This  process  ia  founded  upon  the  greater  ten- 
dency of  protoxide  of  cobalt  than  of  protoxide  of  nickel  to  per- 


Both  metals  are  dissolved  in  hydrochloric  acid;  the  solution 
must  contain  a  sufficient  excess  of  free  acid ;  it  ia  then  diluted  witli 
a  considerable  quantity  of  water. 

As  cobalt  posses-ses  a  much  higher  coloring  power  than  nickel, 
the  diluted  solution  is  of  a  rose  color,  even  when  a  great  quantity 
of  nickel  is  present ;  a  current  of  chlorine  is  then  passed  through 
the  solution  for  several  hours. 

Carbonate  of  baryta  in  excess  is  added,  and  the  whole  allowed 
to  stand  for  eighteen  hours,  being  frequently  agitated ;  the  precip- 
itated peroxide  of  cobalt  and  the  excess  of  carbonate  of  baryta  are 
Lwell  washed  with  cold  water,  and  dissolved  in  hot  hydrochloric 
«id ;  after  the  separation  of  the  baryta  by  sulphuric  acid,  the 
»balt   is  precipitated   by  hydrate  of  potassa,  and   after  being 
Firashed  and  dried,  ia  placed  in  a  platinum  capsule  and  reduced  by 
I  hydrogen  giis. 

The  filtrate  from  the  oxide  of  cobalt  is  of  a  pure  green  color, 
■«Ttd  does  not  contain  a  trace  of  that  element.     After  the  removal 
1^  baryta  by  means  of  sulphuric  acid,  the  oxide  of  nickel  is  pre 
tripitated  by  caustic  pota-ssa, 

Fnderkk  Field's  Melkotl — The  method  of  separating  iron  from 
Aitber  cobalt  or  nickel,  or  both,  consists  in  precipitating  the  iron 
Ay  means  of  oxide  of  lead  (litharge):  the  process  is  conducted  in 
a  following  manner. 
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The  mixeJ  metiik  are  brought  into  solutioTi  as  nitrates,  and  "U 
solution  is  then  evaporated  nearly  to  dryDess,  water  is  tlien  added, 
and  also  oxiile  of  lead,  after  which  the  solution  is  briskly  boiled 
fur  ten  minutes  or  a  quarter  of  an  hour,  the  iron  is  entirely  pre- 
cipitated from  the  solution,  the  other  nitrates  remaining  dissoh'wi. 
Aft.'r  filtration  sulphuric  aoid  is  added,  and  the  liquid  is  allowed 
to  stijnd  for  sixteen  hours  to  precipitata  the  lead,  after  which  tlie 
nickel  and  cobalt  may  be  determined  as  in  the  laat  method,  but 
it  is  preferred  to  precipitate  the  nickel,  as  peroside  of  hypochloriw 
of  soda. 

The  peroxide  of  nickel,  after  boiling  the  solation  in  which  it  i» 
suspended,  separates  as  a  dense  precipitate,  and  can  be  readily 
washed,  but  the  precipitation  should  be  performed  in  au  open* 
vessel,  in  order  to  facilitate  the  removal  of  flakes  from  the  sidw, 
which  are  somewhat  liable  to  be  formed  there.  The  peroxide  is 
heated  to  whiteness,  and  the  nickel  is  then  weighed  as  protoxide 
This  method  appears  from  the  experiments  of  its  inventor  to  be 
exceedingly  aceurate  and  expeditious. 

Separation  0/  Iron  from  Abimina. — The  solution  containing  tliB 
peroxide  of  iron  and  the  alumina  is  concentrated  liy  evaporation, 
and  digested  with  excess  of  caustic  polassa,  in  which  the  aluniina 
alone  is  dissolved. 

Knnp's  Method. — The  above  process  is  used,  bat  with  the  addi- 
lion  of  sulphide  of  ammonium,  to  eftect  complete  precdpitation  of 
the  iron,  or,  when  practicable,  the  two  oxides  are  precipitatL-d  Ij 
sulphirie  of  ammonium,  the  precipitate  being  washed  with  a  very 
weak  solution  of  sulphide  of  ammonium,  and  the  alumina  is  sob- 
sequeutly  extracted  by  putassa,  to  which  a  few  drops  of  suljihi<le 
of  ammonium  have  been  added. 

Berlhier's  Ifci/iOti^The  moist  hydrates  are  boiled  with  sul- 
phurous acid,  when  the  alumina  is  deposited,  the  iron  remttining 
in  solution. 

To  prevent  an  ochrons  deposit  from  the  action  of  the  air,  ibe 
solution  should  be  boiled  in  a  loag-neekcd  flask,  and  when  sul- 
phurous acid  ceases  to  bo  evolved,  it  should  be  filled  with  boiling 
wat^r,  and  corked ;  when  it  has  become  cold,  the  liquid  is  decanted 
on  to  a  filter,  replaced  by  boiling  water,  and  finally  filtered  and 
)>dulcorated.  Phosphoric  acid  is  carried  down  by  the  alumina,  but 
arsenic  acid  is  uot. 
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In  tlie  above  process,  the  solution  of  sulphurous  acid  may  be 
replaced  by  sulpliite  of  ammonia,  the  iron  is  thereby  reduced  to 
protoxide,  and  the  alumina  is  precipitated. 

'Separation  nf  Iron  from  J/njnMi'n.— Cliloride  of  ammonium  is 
added  to  the  solution,  in  order  to  prevent  the  precipitation  of  the 
magnesia,  but  this  is  not  necessary,  if  the  solution  of  the  oxides 
contains  a  considerable  excess  of  hydrochloric  acid.  Caustic  am- 
monia is  then  added  to  precipitate  the  iron  as  peroxide,  which, 
however,  carries  down  aorae  of  the  magnesia  with  it,  from  which 
it  is  freed  by  again  dissolving  in  hydrochloric  acid  and  precipitat- 
ing the  iron  by  succinate,  bciizoate,  or  acetate  of  iron.  The  two 
solutions  of  magnesia  are  mixed,  and  the  magnesia  is  completely 
precipitated  by  phosphate  of  soda.  The  whole  is  then  well 
agitated,  and  allowed  to  stand  for  several  hours. 

The  precipitate  is  collected  on  a  filter,  washed  with  water  con- 
taining about  one-eighth  of  ammonia.  The  washed  salt  is  dried 
and  carefully  ignited,  together  with  the  filter.  The  ignited  salt  is 
then  weighed :  it  is  the  pyrophosphate  of  magnesia,  and  contains 
36'-i6  per  cent,  of  magnesia, 

&paralion  of  Peroxide  of  Iron  from  Saryla.—To  the  solution  of 
the  two  oxides  sulphate  of  soda  is  added,  whereby  the  baryta  ia 
precipitated  as  sulphate,  and  from  the  filtered  solution  peroxide  of 
iron  is  precipitated  as  above  directed. 

Separation  of  Peroxide  of  Iron  from  Yltria,—£erUiier's  Method, — 
The  moist  hydrates  of  the  oxides  are  boiletl  with  sulphurous  acid, 
whereby  the  yttria  will  be  deposited,  the  iron  remaining  in  solu- 
tion. To  prevent  the  formation  of  an  ochreous  deposit  from  the 
action  of  the  atmosj>heric  air,  the  solution  should  be  boiled  in  a 
flask  with  a  long  neck,  and  when  no  more  sulphurous  acid  is  dis- 
engaged, it  should  be  filled  with  boiling  water  and  corked;  when 
it  has  become  cold,  the  liquid  is  decanted  on  to  a  filter,  replaced 
by  boiling  water,  and  finally  filtered  and  edulcorated, 

Scherer's  Method. — ^To  a  neutral  solution  of  the  oxides,  oxalate 
of  potassa  is  added,  whereby  the  double  oxalate  of  yttria  and 
potassa  will  be  formed,  which  will  gradually  appear  as  a  crystalline 
jiret;ipitate,  which,  by  ignition,  ia  converted  into  yttria  and  carbon- 
ate of  potassa;  this  mixture  is  dissolved  in  hydrochloric  acid, 
diluted  with  much  water,  and  the  yttria  is  then  precipitated  by 
caustic  ammonia;  it  must  then  be  well  washed  with  boiling  water, 
after  which  it  may  be  ignited  and  weighed. 
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Si^aration  of  Iron  from  the  Alkalies  and  Alkaline  Earlha,- 
may  be  e£fecteil  eitber  by  ammunia  or  its  succiaate,  but  wbeu  alka- 
line earths  are  in  solution  with  iron,  care  must  be  taken  tbat  the 
ammonia  used  be  perfectly  caustic,  for  should  any  oarbonic  acid 
be  present,  the  precipitate  would  become  oontaminiitiiJ  with  the 
carbonates  of  the  alkaline  earths  present  in  tlie  solution.  If  the 
iron  is  to  be  separated  from  magnesia,  a  sulBttii;nt  quantity  of 
chloride  of  ammonium  must  be  added  to  retain  that  earth  in  sola- 
tion,  otherwise  it  will  be  precipitated  by  the  ammonia.  This 
precaution  will,  however,  be  rendered  unnecessary,  if  the  solution 
contains  muoh  free  hydroubloric  acid,  as  in  that  case  chloride  of 
ammonium  will  be  formed  on  the  addition  of  ammonia, 

S(^aralion  of  Iron  from  Silica. — This  is  readily  effected  when 
the  bodies  arc  in  solution,  by  evaporating  to  dryness,  and  re- 
dissolving  in  dilute  hydrochloric  acid,  when  the  silica  vrill  remain 
insoluble,  and  may  be  separated  by  filtration,  dried,  and  weigheii. 

It  frequently  happens  that  the  silicate  cannot,  even  by  protraclad 
boiling,  be  decomposed  by  hydrochloric  or  nitrohydrochlorio  acid, 
and  in  this  case  it  must  be  decomposed  by  one  of  the  following 
methods  before  it  can  be  brought  into  solution. 

J^usion  with  an  Alkaline  Carbonate. — The  sdicate  in  the  finesl 
possible  state  of  division  is  mixed  in  a  platinum  crucible  witli 
three  or  four  times  its  weight  of  anhydroiis  carbonate  of  soda,  or 
with  an  equal  quantity  of  well-dried  oarbonate  of  ]»tassa,  or  widi 
a  mixture  of  both.  T!ie  crucible  is  then  placed  in  a  furnace,  and 
at  first  heated  gently ;  but  subsequently  to  intense  ignition,  al 
which  it  must  be  maintained  for  from  thirty  minutes  to  one  hour, 
When  the  crucible  is  cool,  the  contents  are  dissolved  out  carefully; 
the  crucible  being  placed  in  a  beaker  and  drenched  with  water, 
after  which  hydrochloric  acid  is  added  by  degrees,  by  which  car- 
bonic acid  will  be  evolved ;  the  beaker  is  then  covered  aud  healeii 
gently  until  the  whole  is  dissolved,  except,  perhaps,  a  few  ilake* 
of  silica.  If  heavy,  gritty  particles  subside,  the  decomposition 
has  been  imperfect,  and  the  experiment  must  be  re-commenced  o" 
another  portion  of  the  mineral. 

Fusion  with  Caustic  Polassa. — The  finely- pulverized  mineral  '* 
mixed  in  a  silver  crucible  with  four  or  &v&  times  its  weight  of 
caustic  potassa ;  the  cover  is  placed  on  the  crucible,  and  it  if 
carefully  heated  to  dryness  over  a  lamp,  and  the  dry  mass  is  A 


Ti^Hnly  heated  to  redness,  after  wliich  the  contenia  of  the  crucible 
may  be  dissolved  in  hydrochloric  acid. 

AUclCs  Meduid. — Tlie  niiEeral  ia  fused  with  four  or  six  times  its 
weight  of  carbonate  of  baryta.  The  most  intense  beat  is  required 
— no  action  taking  place  until  fusion  has  been  induced,  after  which 
rapid  decomposition  proceeds,  the  operation  being  concluded  in  a 
quarter  of  an  hour.  No  silicate  has  been  found  to  withstand  the 
action  of  this  agent. 

Hydrate  of  baryta  may  also  be  used,  and  in  this  case  the  oper- 
ation may  be  conducted  in  a  silver  crucible  over  a  good  spirit- 
lamp.  Four  or  five  parts  of  the  hydrate  deprived  of  its  water  of 
crj"sta_llization  are  mixed  with  one  of  the  mineral  and  covered 
with  a  layer  of  carbonate  of  baryta.  The  decomposition  being 
complete,  the  analysis  ia  proceeded  with  in  the  usual  manner. 

Berwlius's  Method. — ^Tliis  method  consists  in  attacking  the  mineral 
with  hydrofluoric  acid.  The  finely-powdered  mineral  ia  placed  in 
B  shallow  platinum  dish,  standing  in  the  centre  of  a  leaden  dish 
about  six  inches  in  diameter.  The  bottom  of  the  dish  ia  covered 
with  a  layer  about  one-quarter  of  an  inch  thick  of  a  paste  made  of 
powdered  fluor-spar  and  sulphuric  acid.  The  mineral  is  slightly 
moistened,  and  the  cover  having  been  put  on  the  dish,  it  ia  gently 
warmed,  hydrofluoric  acid  is  liberated,  which  will,  in  about  one  hour 
and  a  half,  decompose  about  twenty-five  grains  of  silicate.  During 
the  process  the  jiowder  must  be  moistened  once  or  twice.  The  da- 
composition  being  complete,  the  powder  is  moistened  with  concen- 
trated hydrochloric  acid  until  hydrolluosilicic  ceases  to  be  evolved, 
when  the  excess  of  sulphuric  acid  is  expelled  by  evaporation  to 
dryness,  after  which  the  powder  may  be  dissolved  in  dilute  hydro- 
chloric acid,  and  examined  in  the  usual  way. 

Separation  of  Iron  fmm  Chromium, — Rose's  Melliod. — To  a  solu- 
tion of  the  metals  add  tartaric  acid,  to  prevent  precipitation  by 
potass:!,  which  is  then  added,  and  the  iron  is  precipitated  by  sul- 
phide of  potassium.  The  filtered  solution  is  evaporated  to  dryness, 
ignited,  fused  with  carbonate  of  soda  and  nitrate  of  potassa.  The 
alkaline  chromate  thus  formed  is  dissolved,  and  the  chromium 
precipitated  by  baryta  or  lead,  and  weighed  as  chromate  of  baryta 
or  lead.     The  prceipitants  are  used  in  the  form  of  nitrates. 

Liebiifs  ifethoil. — ITio  solution  is  saturated  with  sulphuretted 
b^ydrogcQ  to  reduce  the  iron  to  protoxide  (a  few  drops  of  sulphide 
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of  ammonium  answers  the  purpose),  and  it  is  then  thrown  down 
by  cyanide  of  potassium,  and  an  excjss  of  the  latter  addei\;  tha 
iron  then  dissolves  as  ferrocyanide  of  potassium,  but  the  oxiile  of 
chromium  remains  insoluhle,  and  maj  be  dried  and  weighed. 

Sqnralion  of  Jrm  from  Lime,  SCroniia,  and  th^  AlkaUfs.—T^ 
may  be  readily  effected  by  caustic  ammonia,  which  preci]«latci 
peroxide  of  iron  only.  In  the  cases  of  stroittia  and  lime,  aoccsj 
of  air  must  be  avoided,  as  otherwise  a  portion  of  the  lime  or 
Btrontia  might  be  precipitated  as  carbonate,  and  for  the  same  reasoft 
the  ammonia  must  be  perfectly  pure  and  caustic. 

Separation  of  Iron  from  Lantantim  and  Ceriuvi. — The  lanta 
or  cerium  may  be  precipitated  as  oxahtte  by  oxalate  of  p 
double  oxalates  being  gradually  formed  while  the  iron  remains  li 
solution.    By  heating  to  redness  the  mixture  is  converted  into  c«- 
bouate  of  potassa  and  oxide  of  cerium  or  lantanuni,  as  the  a 
may  be.     The  mixture  is  dissolved  in  hydrochloric  acid,  aud  fl 
solution  diluted,  after  which  the  oxide  of  cerium  or  lantauuni^ 
precipitated  by  caustic  ammonia. 

Separation  of  Iron  from  Carbonie  Add. — The  carbonic  acid  msy 
be  evolved  by  means  of  a  mineral  acid  and  estimated  as  loss.  The 
operation  may  be  conveniently  conducti'd  in  the  apparatus  of  Pbt- 
nell,  or  of  Fresenius  and  Will :  in  both,  means  are  provided  W 
arrest  the  aqueous  vapor,  which  might  otherwise  be  carried  "ff 
without  the  carbonic  acid.  Parnell'a  consists  of  a  Hask,  in  vf!ii«Ii 
is  the  carbonate  and  a  tube  of  acid — a  tube  passes  through  ibo 
cork  of  the  flask  and  is  connected  at  its  outer  extremity  wilti  a 
tube  filtered  with  chloride  of  calcium,  to  arrest  aqueous  vapor. 
The  apparatus,  when  supplied  with  the  carbonate  and  fitlel  to- 
gether, is  inclined,  when  the  acid  runs  from  the  contained  tultf,  and 
decomposes  the  mineral ;  the  last  portions  of  car>x)iiic  acid  »re 
expelled  by  heat.  In  Fresenius  and  Will's  apparatus,  two  flasks 
are  used,  and  the  aqueous  vapor  is  absorbed  by  sulphuric  acii_ 
Whichever  method  wo  adopt,  the  flasks  must  be  weighed  1 
and  after  the  operation,  the  difterence  being  the  quantity  of  a 
bonic  acid. 

The  carbonie  acid  in  carbonate  of  iron  may  also  be  expelleda 
heat  and  estimated  as  loss. 

Siparation  of  Iron  from  Pfiosphoric  ^c('(^.— Phosphoric  acidn 
free,  may  be  estimated  as  pyrophosphate  of  magnesia ;  chloride! 


^^^n^uiiin,  ttmraonia,  and  sulphate  of  magnesia  arc  added  to  the 
Bplution,  which  is  then  well  agitate<l.  The  mixture  is  allowed  to 
Rest  for  several  houra ;  it  is  then  filtered,  the  precipitate  washed 
with  water  containing  a  little  ammonia,  in  which  it  is  almost  inso- 
luble; the  precipitate  ia  then  ignited — ^first  gently,  then  strongly, 
to  convert  it  into  pyrophosphate  of  magnesia,  which  contains 
63'54  per  cent,  of  phosphoric  acid. 

Fresenius's  Method. — The  solution  ia  boiled,  removed  from  tha 
lamp,  and  sulphite  of  soila  added,  until  the  color  has  become  pale- 
green  and  carbonate  of  soda  produces  a  white  precipitate ;  it  is 
then  boilcti  until  the  amcU  of  sulphurous  acid  disappears,  any 
excess  of  free  acid  is  neutralized  with  carbonate  of  soda,  a  few 
drops  of  chlorine  water  added,  and  excess  of  acetate  of  soda.  The 
phosphoric  acid  is  precipitated  as  perphasphate  of  iron.  Chlorine 
water  ia  now  added  until  the  liquor  appears  reddish.  It  is  boiled 
until  it  becomes  clear,  filtered  hot,  and  the  precipitate  wa.shed  with 
hot  water.  The  precipitate  contains  the  phosphoric  acid  as  per- 
phosphate  of  iron,  with  a  little  basic  peracetat*  of  iron.  The  pre- 
cipitate is  dissolved  in  hydrochloric  acid,  reduced  with  sulphite  of 
Boda,  and  boiled  with  potassa  or  soda  till  it  is  black  and  granular. 
nit  is  dissolved  in  hydrochloric  acid  and  added  to  the  other  soJution 
F  iron,  from  which  the  other  elements  have  previously  been 
leparatud.  The  filtered  solution  contains  the  phosphoric  acid, 
ffrhich  is  precipitated  and  treated  as  above. 

Separation  0/  Sulphur  from  /i-o«.— Dissolve  the  mineral  slowly 
n  hydrochloric  acid,  pass  the  evolved  gas  through  acetate  of  lead, 
in  a  solution  acidified  with  acetic  acid ;  sulphide  of  lead  is  preci- 
pitated: this  is  converted  into  sulphate  of  lead  by  digestion  in 
ftiming  nitric  acid ;  from  the  weight  of  the  sulphur,  the  amount  of 
^alphur  is  calculated. 

H  Brameis's  Method. — The  powder  is  acted  on  by  sulphuric  acid 
BiUluted,  and  tlie  evolved  gas  is  passeti  through  an  ammoniacal  solu- 
Bion  of  silver,  and  the  sulphur  is  then  weighed  as  sulphide  of  ^Iver. 
■  We  have  now,  as  far  as  is  consistent  with  the  object  of  the  pm 
Hient  work,  detailed  the  various  methods  of  separating  iron  from 
Bfaose  elements  with  which  it  is  commoidy  associated  in  nature,  and 
Hre  will  therefore  pass  on  to  an  account  of  a  variety  of  methods 
Kmploycd  for  the  complete  analysis  of  samples  of  iron  ores,  aiich 
BB  are  used  in  commerce,  and  of  commercial  iron. 
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ron. — The  folio wi 
iron  and  iron  orea  13  extracted  from  the  published  report  of  tbi 
experiments  on  cast-iron  conducted  at  Woolwioh,  and  ordered  by 
the  House  of  Commons  to  be  printed,  30th  July,  1858.  The  pro- 
cess  was  adopted  in  the  examination  of  numerous  apcciniens,  lUe 
analyses  being  performed  by  Mr.  John  Spiller  and  Mr.  Arthur 
Reynolds, 

Preparation  of  the  Sampk. — Preparatory  to  its  examination,  the 
metal  was  reduced  to  a  suitable  state  of  division,  by  boring,  turn- 
ing, or  planing.  In  the  case  of  while  iron,  it  was  broken  to  a 
coarae  powder  in  a  steu!  crushing-mortar.  It  waa  considered 
preferable  to  prepare  an  average  sample  of  the  pig  by  boring 
across  it,  so  tliat  a  fair  proportion  of  the  graphite,  which  was  oc- 
casionally concentrated  towai'da  the  centre  of  the  pig,  might  be 
included  in  the  sample.  The  five  borings  obtained  in  this  way 
were  further  reduced  when  necessary,  and  thoroughly  mixed  by 
trituration  in  a  Wedgwood  mortar. 

Chemical  Analysis.— lu  the  analysis  of  pig-iron,  the  proporti< 
of  the  following  constituents  were  usually  determined :  Manganf 
carbon,  silicon,  sulphur,  phosphorus;  and  in  certain  cases,  mi 
such  as  arsenic,  lead,  and  copper,  when   their  existence  in 
preciable  quantity  had  been  discovered  in  the  ores  from  which  the 
iron  had  been  obtained. 

For  this  purpose,  four  portions  were  usually  weighed  out 
o.  100  grains  for  sulphur,  carbon  existing  as  graphite, 
and  manganese ; 

b.  50  grains  for  pliospliorus ; 

c.  50  to  100  grains  for  determining  the  existence  and  . 

of  combined  carbon  ; 

d.  500  grains  for  metals  existing  in  the  iron  in  minute 

portions. 

Sulphur. — ^Onc  hundred  grains  of  the  iron  borings  were  sloi 
dissolved  in  concentrated  hydrochloric  acid,  the  evolved  gas  being 
passed  through  a  solution  of  acetate  of  lead,  slightly  acidified  with 
acetic  acid,  the  sulphuretted  hydrogen  disengaged  together  with 
hydrngeu,  precipitated  the  sulphide  of  lead,  which  was  collecttd 
on  a  filter,  washed,  burnt,  and  subsequently  (in  the  customary  man- 
ner) converted  into  the  sulphate  of  lead,  from  the  weight  of  wbifA 
r-centage  of  sulphur  was  calculated. 
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The  contents  of  the  flask,  after  llie  metal  liaJ  been  fully  acted 
upon,  were  transferred  to  a  porcolain  basia  and  evaporated  to  dry- 
ness,  the  mass  digested  with  concentrated  hydrocliloric  acid,  and 
water  aftisrwards  added.  Tbe  insoluble  residue,  consisting  of  silicic 
acid  and  graphite,  was  collected  on  a  filter,  tbe  filtrate  being  re- 
served fur  tbe  estimation  of  manganese, 

Curbon  as  Graphite. — The  mixed  silicic  acid  and  grapbite  were 
separated  by  the  action  of  a  warm  solution  of  pure  potassa,  whea 
the  silicic  acid  was  dissolved,  the  grapbite,  which  remained  inao- 
luble,  was  again  collected,  washed  with  dilute  hydrochloric  acid 
and  water,  and  dried ;  it  was  afterwards  carefully  removed  from 
the  paper  by  scraping  with  a  knife-blade,  and  transferred  to  a 
platinum  crucible,  in  which,  after  exposure  for  some  time  to  about 
300°  F.,  it  was  weighed.  Upon  subsequently  burning  the  graphite 
,  mufSe.  it  usually  left  a  very  small  quantity  of  reddish  asli, 
yhicb  was  deducted  from  the  former  weight. 

Silicon. — The  amount  of  silicic  acid  dissolved  by  the  potassa  waa 
iovered  in  the  usual  manner  by  evaporation  with  hydroclilorio 
d ;  the  residue  waa  digested  with  water,  collected,  washed,  dried, 
I  weighed.     The  amount  of  silicon  in  the  iron  was  calcuLited 
1  the  silicic  acid  obtained. 
Manganese. — Tbe  hydrochloric  acid  solution,  separated  from  the 
Klicic  acid  and  graphite,  was  divided  into  two  equal  portions,  one 
'  of  which,  representing  fifty  grains  of  iron,  was  always  sufficient 
for  the  estimation  of  the  manganese.     The  iron  in  the  liquid  hav- 
ing been  peroxiJized  by  boiling  the  hydrochloric  acid  solution, 
and  adding  occasionally  a  little  chlorate  of  potassa,  the  acid  was  to 
a  great  extent  neutralized  by  the  addition  of  carbonate  of  am- 
monia.    Sufficient  acetate  of  ammonia  was  afterwards  added  for 
tthe  conversion  of  the  chloride  of  iron  into  acetile.  and  the  liquid 
■pns  boiled,  when  the  iron  was  completely  separated  as  insoluble 
Bhasic  acetate. 

H  The  filtrate  containing  manganese  was  rendered  alkaline  with 
HpnmoDia,  and  after  the  addition  of  a  few  drops  of  bromine,  set 
J^tfde  for  about  eighteen  hours.  The  hydrated  binoxide  of  manga- 
HKse,  which  had  separated  from  the  liquid,  was  afterwards  col- 
Hbeted,  washed,  dried,  and  ignited  at  a  high  temperature,  when  it 
Hns  weighed  as  manganoso- manganic  oxide  (Mn,0,V  which  fax- 
Klsbed  by  calculation  the  quantity  of  manganese. 
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Phmpliorus. — For  the  estimation  of  piiospLorus,  fifty  grains  of  ■ 
tte  iron  borings  were  acted  upon  witb  warm  nitro-bydiwlilorio 
acid,  in  a  flask  with  a  long  n»!ck,  and  after  complete  solution  oE 
the  metal,  the  contents  of  the  flask  were  transferred  to  a  porralain 
basin,  and  evaporated  to  dryness.  The  residue  was  moistened  wilk 
concentrated  hydrochloric  acid  and  ayain  evaporated,  so  as 
thoroughly  to  espel  nitric  acid.  Tlie  residue  then  obtained  tm 
dissolved  in  hydrochloric  acid,  the  solution  diluted,  filtered,  nearly 
neiitralij5ed  with  carbonate  of  ammonia,  and  the  iron  in  solution 
reduced  to  protoxide,  by  the  addition  of  sulphite  of  ammonia  to 
the  gently-heated  liquid,  and  the  subsequent  careful  addition  of 
dilute  sulphuric  acid  to  expel  excess  of  sulphurous  aeid.  Acetate 
of  ammonia  and  a  few  drops  of  solution  of  sesquichloride  of  iron 
were  then  added,  and  the  liquid  boiled,  when  the  phosphoric  acid 
was  precipitated  as  basic  phosphate  of  sesquioside  of  iron,  with 
some  basic  acetate.  The  liquid  was  rapidly  filtered,  with  as  littla 
exposTire  to  the  air  as  possible,  the  precipitate  was  slightly  wiished 
and  dissolved  in  hydrochloric  acid,  the  solution  neutralized  wjtli 
carbonate  of  ammonia,  and  sulphide  of  ammonium  added.  It  V3& 
then  gently  heated,  to  insure  the  conversion  of  phosphate  into 
sulphide  of  iron.  The  latter  was  afterwards  removed  by  filtralioQ. 
washed  with  dilute  sulphide  of  ammonium,  aud  the  phospborio 
acid  was  precipitated  from  the  solution  in  the  usual  manner  m 
ammonio-ijbospliate  of  magnesia,  and  weighed  as  pyrophospliate 
of  magnesia,  from  which  the  phosphorus  was  calculated. 

Cambined  Carbon. — After  numerous  comparative  trials  of  tbe 
several  methods  in  common  use  for  determining  the  total  amount 
of  carbon  in  cast-iron,  that  which  was  ultimately  adopted  {after 
necessary  experiments  liad  fully  established  its  accuracy)  con- 
Bisted  in  dissolving  the  metal  in  an  acid  solution  of  chloride  of 
copper,  collecting  and  washing  the  insoluble  residue  which  re- 
mained after  the  complete  action  of  this  solvent,  aud  submitting  it 
when  dry,  to  combustion  with  oxide  of  copper  in  a  current  of 
oxygen,  the  source  of  heat  employed  being  the  gas  comhusti'>n- 
furnace.  Tlie  total  amount  of  carbon  in  the  iron  was  then  cald- 
lateil  from  the  weight  of  carbonic  acid  absorbed  by  solution  of 
potassa  in  the  usual  manner.  The  carbon  existing  in  a  state  of 
combination  with  the  iron  was  represented  by  the  excess  whioli 
this  proce.s3  afforded  over  that  of  the  direct  estimation  of  oarhfl 
as  graphite,  in  the  manner  already  described. 
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Jlimite  Pnyportifns  of  FureiQn  ifetah. — About  400  or  500  grains 
of  the  iron  were  employed  in  ihe  examination  for  metals  precipi- 
tated bj  sulphuretted  livdrogeu,  e.y,.  load,  copper,  arsenic,  &c.  The 
iron  was  dissolved  in  hydrochloric  acid,  and  the  solution,  diluted 
partly  neutralized  v,nth  carbonate  of  soda,  was  submitted  to 
le  action  of  auiphuretted  hydrogen.  After  saturation  with  the 
gas,  the  liquid  was  allowed  to  stand  at  rest  for  several  hours,  and 
the  small  quantity  of  sediment  which  had  subsided  was  examined 
for  metals  by  the  ordinary  analytical  processes. 

Anahjiria  nf  Iron  Ores. — The  analytical  processes  employed  for 
le  separation  of  the  various  constituents  occurring  in  iron  ores, 
were  in  a  great  measure  identical  with  those  employed  in  the  ex- 
amination of  metallic  iron:  thus  the  estimation  of  oxide  of  man- 
ganese was  conducted  in  a  precisely  similar  manner,  and  with  the 
exception  that  no  process  of  reduction  was  required  in  the  case  of 

ly  ironstone,  and  other  ores  containing  the  iron  already  in  the 
protoxide,  the  phosphoric  acid  was  determined  by  the  same 
process  as  that  employed  for  the  estimation  of  phosphorus  in  pig- 
iron.  The  amount  of  metallic  iron  and  its  condition  of  oxidation 
in  the  ore  were  determined  by  Marguerilte's  volumetrical  method 
with  standard  solution  of  permanganate  of  potash,  while  the  pro- 

>rtion3  of  lime,  magnesia,  carbonic  acid,  water  (hygroscopic  and 

-mbined),  insoluble  residue,  and  the  nature  of  this  latter,  were 
letermined    by   following    the    analytical    processes    invariably 

iployed  in  mineral  analyses  of  this  description, 

Annfysis  of  Clay  Ironstiyne, — PuriielCs  Md/iorL — The  ordinary 
constituents  of  this  ore  are,  carbonic  acid,  silica,  protoxide  and 
peroxide  of  iron,  alumina,  magnesia,  lime,  and  proto.tide  of  man- 
ganese. Its  complete  analysis  may  be  effected  in  the  following 
manner:  The  powdered  mineral  is  boiled  in  aqua  regia,  with 
effervescence  of  carbonic  acid  and  separation  of  silica,  with  per- 
haps a  little  alumina  as  insoluble  residue.  These  are  estimated  by 
iffdinary  processes.  The  solution,  which  contains  all  the  bases, 
[Irith  perhaps  the  exception  of  a  little  alumina,  is  evaporated  to 
nryness :  the  residue  is  re-dis.solvud  in  dilute  hydrochloric  acid,  and 
ibe  solution  is  filtered.  Unless  the  solution  is  very  acid,  chloride 
|pf  ammonium  is  now  added,  and  afterwards  excess  of  caustic 
Hmmoni.o,  which  precipitates  peroxide  of  iron  and  alumina  with 
■nail  quantities  of  protoxide  of  manganese  and  magnesia.     From 
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the  solution  filtered  from  this  precipitate  lime  is  to  be  pfeopia 
as  oxalate,  by  oxalate  of  ammonia  or  oxalic  acid.  Tbo  precipitate 
by  ammonia  being  likcred  and  washed,  is  dissolved  in  a  small 
quantity  of  hydroclilorio  acid.  This  solution  is  then  boiled  with 
excess  of  caustic  potassa,  to  dissolve  the  alumina  at  first  precipi- 
tated by  potash,  which  may  be  estimated  by  the  usual  method. 
Tlie  portion  insoluble  in  excess  of  potassa  is  re-disaolved  in  puro 
hydrochloric  acid,  the  solution  is  carefully  neutralized  with 
ammonia,  hnd  the  peroxide  of  iron  precipitated  as  succinate  or 
benzoate,  with  the  precautions  already  describoil.  The  filtered 
liquid,  containing  small  quantities  of  magnesia  and  protoxide  of 
manganese,  is  mixed  with  that  filtered  from  the  oxalate  of  lime; 
and  from  the  mixture  manganese  is  precipitated  as  sulphuret  by 
sulphide  of  ammonium  from  the  filtered  solution,  and  after  the 
separation  of  this  precipitate  the  magnesia  is  separated  as 
ammonio-phosphate  by  phosphate  of  soda  with  ammonia. 

If  the  amount  of  iron  only  is  required,  add  ammonia  in  excess 
to  the  solution  in  aqua  regia;  after  washing,  boil  the  precipitate 
in  solution  of  caustic  polasaa,  to  dissolve  alumina,  re-dissolve  the 
peroxide  of  iron  in  hydrochloric  acid,  and  again  precipitate  it  by 
ammonia ;  dry,  ignite,  and  weigh. 

Analysis  of  Spalltose  Irtin  Ore;  Woehler'e  Method. — Dissolve  t3ta 
powdered  mineral  in  hydrochloric  acid,  adding  nitric  acid ;  during 
the  process,  dilute  the  solution,  and  neutralize  it  with  carbonats 
of  Boda  until  it  becomes  of  a  brownish  color,  when  a  concentnited 
solution  of  acetate  of  soda  is  to  be  addeii,  and  the  whole  heated  to 
the  boiling-point.  In  this  manner,  iron,  and  iron  only,  is  precipi- 
tated, the  precipitate  being  a  salt  of  the  peroxide.  The  filtrate  is 
to  be  neutralized,  mixed  with  hypochlorite  of  soda,  and  allowed  lo 
stand  for  twenty-four  hours,  when  the  manganese  will  be  precipi- 
tated as  the  oxide,  having  the  symbol  MnO,.  The  application  of 
heat  transforms  it  into  manganoso-manganic  oxide  (Mn,0,).  The 
liquid  filtered  from  the  manganese  precipitate  should  be  examined 
for  lime  and  magnesia. 

Second  Method. — Dissolve  as  before,  and  precipitate  all  the  iron 
by  carbonate  of  soda,  stirring  the  solution  during  the  process ;  the 
other  bases  remain  dissolved  in  the  free  carbonic  acid.  The  solu- 
tion should  be  much  diluted. 

Another  Method,  Conington. — Dissolve  the  finely-pulverized  on 
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lin  hot  hydrochloric  acid,  peroxidize  the  solution  bj  means  of 
nitric  acid  or  chlorate  of  potassa,  then  add  caustic  ammonia  until 
lA  precipitate  begins  to  appear,  after  which  precipitate  the  iron  by 
jBulphide  of  ammonium,  filter  off  the  solution,  rapidly  wash  the 
[precipitate  with  water,  containing  a  few  drops  of  sulphide  of  am- 
monium, ignite,  and  weight  it. 

Acidify  the  filtrate  with  hydrochloric  acid,  evaporate  the  solu- 
kion  to  dryness,  and  heat  the  residue,  to  Tolatilize  the  ammoniacal 
salts ;  dissolve  again  in  hydrochloric  acid,  saturato  the  solution 
with  chlorine,  and  precipitate  the  manganese  by  caustic  ammonia, 
filter,  rapidly  ignite,  and  weigh  as  usuaL  The  other  ingredients 
are  determined  as  usual. 

Analt/sis  of  Chrome-Iron  Ore. — {Noad's  Mampuiation  ajul  Analy- 
.) — The  mineral  is  first  reduced  to  a  fine  powder,  after  which  it 
is  to  be  fused  with  caustic  potassa  (an  alkaline  carbonate  is  not 
applicable).  The  fused  mass  is  digested  in  water,  which  dissolve 
the  chromate  of  potassa,  together  with  the  excess  of  potassa.  Thei 
oxide  of  iron  remains  behind,  together  with,  perhaps,  a  small 
quantity  of  undecomposed  ore,  which  is  separated  from  the  sesqui- 
oxide  of  iron  by  hydrochloric  acid ;  from  the  solution  in  hydro- 
chloric acid  the  iron  is  precipitated  by  ammonia,  and  the  chromio 
acid  in  the  aqueous  solution  is  reduced  to  sesquioxide  of  chro- 
0)ium  by  hydrochloric  acid  and  alcohol. 

If  the  mineral  contained  alumina,  it  will  be  found  in  the  aque- 
ous solution  with  the  alkaline  chromate,  and  will  be  precipitated 
with  the  oxide  of  chromium,  from  which  it  is  separated  in  the  fol- 
lowing manner. 

The  mixture  of  the  two  oxides  is  fused  with  twice  its  weight  of  . 
carbonate  of  soda,  and  twice  and  a  half  its  weight  of  nitrate  of 
potassa.  The  oxide  of  chromium  becomes  converted  into  alkaline 
I  chromate,  which  is  extracted  with  water,  and  the  alumina  which 
remains  undissolved  is  freed  fiom  alkali  by  solution  in  hydrochlo- 
ric acid  and  precipitation  by  ammonia. 

.  According  to  Dr.  Schaffhaur,  a  portion  of  the  alumina  in  this 
_  process  always  dissolves  along  with  the  alkaline  chromate.  He 
therefore  recommends  to  convey  the  precipitate  obtained  by  add- 
ing ammonia  to  a  solution  of  the  two  oxides  into  a  hot  concen- 
trated solution  of  caustic  potassa,  and  to  boil  the  whole  down  until 
near  solidification;  when  quite  cold,  water  is  added,  and  the  whole 
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of  tlie  alumina  dissolves  without  carrying  witb  it  a  trtice  of  ox! 
of  chromium. 

Woe/der's  MelhoU. — Tlie  finely -powdered  ore  ia  intimately  mixed 
with  four  parts  of  bisulphate  of  potassa,  and  raise  the  wbole  to  a 
red  heat.  A  sufficient  time  for  the  complete  det^omposition  of  tlie 
mineral  having  elapsed,  the  mixture  is  allowed  to  coot,  after  which 
n  double  quantity  of  equal  parts  of  carbonate  of  soda  and  nitrate 
of  potiissa  are  added,  and  the  mixture  is  again  fused,  ia  ordur  to 
obtain  an  alkaline  chromate.  The  mass  having  been  allowed  lo 
cool,  the  alkaline  chromate  ia  extracted  by  water,  and  the  inaoiul^H 
residut!  is  treated  as  usual.  ^H 

Analysis  of  Rtd  MemaliU. — This  ore  usually  contains  sesquioxil^l 
of  iron,  some  alkaline  carbonates,  and  admixture  of  the  matrix  in 
which  the  ore  is  fouud. 

Fresenius's  Method. — The  mineral  is  first  pounded,  and  dried  lA 
212°  F.     Treat  the  dried  mineral  with  dilute  nitric  acid,  or  i 
boiling  acetic  acid,  in  order  to  dissolve  out  the  alkaline  carboos 
which  may  be  e^itiinated  in  the  usual  manner,  from  this  solatk 
Filter  oft"  the  solution,  and  dry  and  ignite  the  residue  as  iisual,^ 
then  place  it  in  a  porcelain  boat,  which  is  put  into  a  porcelain  tvfi 
and  heated  to  redness,  whilst  a  current  of  dry  hydrogen  is  p 
slowly  over  it.    The  loss  of  weight  in  this  last  operation  expre 
the  amount  of  oxygen  in  the  sesquioxide  of  iron,  from  which  j 
iron  may  also  be  calculated.     The  residue  is  then  treated  ^ 
hydrochloric  acid,  by  which  the  iron  is  dissolved,  and  it  i 
iramediiitely  determined  volumetrically  by  the   method  of  1 
gueritte  or  by  that  of  Penny,     "Wash  the  insoluble  residue  i 
ignite,  and  weigh. 

The  water  and  carbonic  acid  may  be  determined  by  a  seps 
ignition,   being   estimated   as   loss.     (In  order  to  determine  1 
quantity  of  each  of  these  ingredients,  the  water  may  be  i 
by  a  tube  containing  chloride  of  calcium). 

Analysis  nf  Brown  SematiU.—'Shis  ore  usually  contains  hydratod 
sesquioxide  of  iron,  alumina,  sesquioxide  of  manganese,  lime, 
magnesia,  silica,  phosphoric  acid,  sulphuric  acid,  and  admixture 
of  matrix. 

Fresenius's  MeOiod. — (Recommended  for  ores  containing  onn 
small  quantity  of  silica,  alumina,  lime,  and  magnesia.)  Fuse  I 
dry  pulverized  mineral  with  thricj  its  weight  of  carbonates  of  H 
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Add  potassa.  When  cold,  digest  the  fused  mass  in  water,  filter, 
and  wash  the  residue.  Acidify  the  filtrate  with  hydrocbluric  acid, 
aod  separate  ihc  silica ;  add  a  few  drops  of  solution  of  chloride  of 
barium,  and  let  the  liquor  stand  for  tweoly-four  hours ;  after  whivb 
filler  from  sulphate  of  baryta.  Remove  the  excess  of  baryta  by 
means  of  sulphuric  acid,  and  precipitate  the  phosphorus  as  pyro- 
phosphate of  magnesia  in  the  following  manner.  To  the  solution 
coDtaining  the  phosphoric  acid  add  a  clear  mixture  of  sulphate  of 
magnesia,  caustic  ammonia,  and  chloride  of  ammonium,  until  its 
odor  is  evolved,  and  let  the  mixture  stand  for  twelve  hours  in  tha 
cold;  filter  and  wash  the  precipitate  with  water  containing  one- 
third  of  solution  of  ammonia,  until  the  rinsings  after  the  addition 
of  hydrochloric  acid  cease  to  be  rendered  turbid  by  chloride  of 
barium ;  dry  the  precipitate,  place  it  in  a  platinum  crucible  and 
heat,  tirst  gently,  then  to  intense  redness,  and  weigh  it  as  pyro- 
phosphate of  magnesia. 

Digest  the  residue  in  hydrochloric  acid,  in  a  flask  placed  ob- 
liquely, until  the  decomposition  is  complete ;  dilute  and  filter  from 
the  residual  matrix,  which  wash,  dry,  ignite,  and  weigh. 

Determine  the  sulphuric  acid  in  the  filtrate  by  chlorate  of 
barium.  Evaporate  the  solution  to  expel  excess*  of  acid,  dilute, 
add  carbonate  of  soda,  and  precipitate  with  carbonate  of  baryta; 
let  the  liquor  stand  for  half  an  hour,  and  then  filter.  Dissolve  the 
precipitate  in  hydrochloric  acid,  precipitate  the  baryta  by  sulphunn 
acid ;  filter  and  add  ammonia,  until  the  sotutiou  is  alkaline ;  filter 
from  the  precipitate,  which  wash,  dry,  and  ignite.  It  contains  sev 
quioxide  of  iron,  alumina,  phosphoric  acid,  and  silica.  Digest  in 
hydrochloric  acid,  and  .separate  the  silica,  reduce  the  filtrate  by 
sulphate  of  soda,  and  determine  the  ircn,  alumina,  and  phosphoric 
acid. 

Acidify  the  alkaline  filtrate,  and  boil  wilh  chlorate  of  potassa. 
separate  alumina  and  phosphoric  acid. 

In  the  filtrate  determine  alumina  aud  the  alkaline  earths.  In 
this  method  the  presence  of  copper  and  arsenic  is  neglected. 

Anotlier  MkOioiL — Digest  the  mineral  in  hydrochloric  acid,  and 
treat  the  insoluble  residue  by  the  first  method.  Evaporate  the 
solution  in  hydrochloric  acid  to  dryness,  and  separate  the  silica ; 
Reduce  the  filtrate  by  sulphite  of  soda,  and  expel  the  excess  of 
BAthurous  acid  by  heat ;  saturate  the  solution  vttb  hydrosulphuri? 
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acid ;  if  a  precipitate  is  produced,  test  it  for  copper  and  arsi 
Expel  the  liydroaulphuric  acid  by  heat,  precipitate  with  c 
of  soda,  and  add  caustic  potassa  ia  excess;  boil  and  f 
black  precipitate  and  an  alkaline  filtrate  are  obtained.  The  I'omwr 
containa  oxides  of  iron,  and  perhaps  carbonate  of  manganese  anil 
carbonatca  and  phosphates  of  lime  and  magnesia.  DiasolTe  m 
hydrochloric  acid  and  separate  phosphoric  acid  with  oesquiox^ 
of  iron ;  filter,  then  separate,  and  return  the  sesquioxide  of  ii 
the  other  solution. 

Acidify  the  solution  of  alkaline  phosphate  by  hydrochloric  ft 
and  set  aside  to  add  to  the  solution  of  phosphoric  acid. 

Treat  the  filtrate  from  the  phosphoric  acid  and  iron,  to  sepa 
iron,  manganese,  lime,  and  magnesia.  Acidify  the  alkaline  filtu 
which  contains  alumina  and  phosphoric  acid ;  boil  with  chloB 
of  potassa,  precipitate  by  ammonia,  and  add  chloride  of  bar 
digest  and  filter ;  the  precipitate  contains  all  the  alumina  | 
phosphoric  acid ;  the  latter  is  combined  with  the  altunina  i 
baryta. 

Wash  and  dissolve  in  as  little  hydrocliloric  acid  as  possihle, 
heat,  saturate  with  carbonate  of  baryta,  add  soda,  and  preoipilaW 
the  baryta  by  carbonate  of  soda,  and  filter.  The  alumina  ia  ia  tha 
Bohition,  and  the  phosphoric  acid  is  in  the  filtrate. 

Acidify  the  solution  with  hydrochloric  acid,  and  boil  with  chlo- 
rate of  potassa ;  precipitate  by  the  addition  of  chloride  of  ammo- 
nium and  caustic  ammonia;  boil,  filter,  and  wash  the  precipitate; 
dissolve  in  hydrochloric  acid,  precipitate  baryta  by  sulphuric  aciA 
and  determine  phosphoric  acid  in  filtrate  by  precipitation  bv 
magnesia. 

Determine  the  sulphuric  acid  as  directed  in  the  first  method. 

Analysis  of  Titanic  Iron  Ore. —  Woe/iler. — Fuse  the  finely-pi'*- 
Jcred  ore  with  biaulphate  of  potassa  at  a  red  heat;  whea  tli« 
fused  mass  is  cool,  dissolve  in  water ;  saturate  with  ammonia,  and 
precipitate  by  sulphide  of  ammonium  the  iron  and  titanic  a 

Wash  the  pi-ecipitate  with  sulphuric  acid,  to  dissolve  c 
iron — the  titanic  acid  remains  behind  as  an  insoluble  white  pow> 

Awither  Melliod.- — Raise  the  powdered  mineral  to  an  intense  heat 
in  a  slow  current  of  hydrogen,  to  reduce  the  iron,  which  may  be 
subsequently  extracted  by  hydrochloric  acid. 

Analysis  of  Bog-Iron  Ore, —  ^VothhT's  Method. — The  minert 
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dissolved  in  hydroclilorio  acid,  evaporated  to  dryness  at  212"  P. 
re-dissolved  in  warm  dilute  hydrochloric  acid,  and  filtered  to  re 
move  the  sand  and  liberated  silicic  acid. 

The  solution  should  then  he  boiled  with  sulphate  of  soda,  to 
redaoe  the  peroxide  of  iron  to  the  protoxide,  and  the  arsenic  acid 
to  the  metal  (until  no  odor  is  perceptible);  the  arsenic  is  then  pre- 
cipitated by  sulphuretted  hydrogen  as  sesqnisulphuret,  which  may 
contain  copper. 

After  removing  this  precipitate  by  filtration,  the  solution  should 
be  boiled  to  remove  sulphuretted  hydrogen,  when  carbonate  of 
soda  may  be  added,  and  the  whole  boiled  with  excess  of  caustic 
soda,  until  the  precipitate  is  converted  to  a  powder. 

The  solution,  after  filtering,  contains  alumina  and  part  of  the 
phosphoric  acid;  and  the  precipitate  consists  of  protoxide  and 
peroxide  of  iron,  carbonates  of  manganese  and  carbonates  and 
phosphates  of  lime  and  magnesia.  It  should  be  dissolved  in  hot 
nitric  aeiil,  the  solution  partly  neutralized  with  carbonate  of  soda 
and  boiled  with  acetate  of  soda.  By  this  process  all  the  oxide  of 
iron  and  phosphorio  acid  are  precipitated,  which  may  be  separated 
as  usual.  The  filtered  solution  contains  the  protoxide  of  manga- 
nese, lime,  and  magnesia,  which  may  abo  be  separated  in  the 
ordinary  way- 

Analifsie  of  Famace  Sla<j, —  Woehler. — The  powdered  mineral  la 
digested  in  hydrochloric  acid  mixed  with  nitric  acid  until  it  be- 
comes a  yellow  gelatinous  mass,  when  it  is  evaporated  to  dryness 
on  a  sand-bath.  The  residue  is  digested  in  weak  hydroohlorio 
acid,  and  the  silica  reduced  by  filtration  is  washed,  dried,  and 
weighed. 

The  iron  is  precipitated  from  the  solution  by  ammonia.  If  lima 
and  magnesia  are  present,  they  are  obtained  from  the  filtrate  from 
the  iron  precipitate.  The  lime  is  precipitated  by  oxalate  of  am- 
monia, and  is  ignited  and  weighed  as  carbonate ;  and  the  magnoaa 
ia  precipitated  by  phosphate  of  soda,  ignited  and  weighed  as  pyro- 
phosphate. 

Avalysis  of  Meteoric  Iron, — Miiller's  iletliod. — The  powdered  min- 
eral is  dissolved  in  dilute  hydrochloric  acid  in  a  tubulated  retort. 
The  hydrogen  disengaged  is  passed  through  bulbs  containing 
nitrate  of  copper,  in  order  to  arrest  any  hydrosulphuric  acid  which 
may  be  evolved.  The  sulphur  obtained  is  oxidized  by  boiling  io 
nitria  acid,  and  weighed  as  sulphate  of  baryta. 
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The  solution  is  filtered  irom  the  insoluble  residue  and 
ffith  bydroaulphuric  acid;  sulphur  and  a  trace  of  copper  are  de- 
posited.    Tke  solution  is  oxidized,  and  the  iron  precipitated 
sulphide,  which  is,  however,  partly  soluble  in  presence  of  pi 
phoric  acid. 

The  jihosphoric  acid  is  estimated  by  fuang  the  miaeral 
carbonate  of  soda,  and  precipitating  it  by  magnesia. 

Nickel,  cobalt,  and  manganese  are  precipitated  by  sulphide 
ammonium,  the  iron  in  this  case  being  separated  by  carbonate 
baryt^i.  The  nickel  and  cobalt  may  be  separated  by  Liebig's 
method,  or  by  precipitating  the  cobalt,  by  means  of  carbonate  of 
baryta,  from  a  solution  which  has  been  previously  treated  with 
chlorine  or  bromiue.  The  residua  is  levigated,  by  which  is  ob- 
tained a  black  flocculeut  matter  and  a  black  shining  subatanoe. 
The  former  dissolves  in  hydrochloric  acid,  evolving  hydi 
pliuric  acid.  The  black  shining  mass  dissolves  completely, 
warm  nitro- hydrochloric  acid;  the  solution  is  mixed  with 
and  carbonate  of  potassa,  and  evaporated  to  dryness,  and  fused, 
remove  phosphoric  acid.  Iron  and  nickel  an  determined  as  above, 
This  ia  the  method  which  was  used  by  Mnller  in  the  analysis  of 
some  speciraeas  of  meteoric  iron  from  Zacatecas,  in  Mexico. 
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tir-eondeiuer. — la  a  condenser  where  air  is  the  coolinK  mediam,  Btcara  being 
contained  withiH  Ibe  vMsel,  which  may  be  or  tubes  or  flat  pUtei, 
around  which  a  current  of  air  circnIaleE. 
ir-jacJceU. — Are  airEpaceg  left  around  Bleain-<^yliDders  and  boilers  to  prevent 

the  dispersion  of  heat. 
V-putJip*. — Are  pumpa  used  lo  remove  the  »ir,  vapor,  and  water  from  Ihe 
condensers  of  st«ani-eDgines. 
Air-ceHc/i.— Are   Hied  apon  the  disetiBrge-pipee  of  force-pqmpa   lo  eqantiEC 

the  pressure  of  water,  and  lo  prevent  the  ocearrenue  of  shoeks. 
A  T^aetotu .— CI  ay  ey, 

Ba&-*i9lfe. — A  vaire  formed  by  a  sphere  fitting  a  spherical  seat. 
BalaRceleveri.—A.te  weighted  levers  used  to  open  the  valves  of  Cornish  aad 


oLhei 


puniping-ei 


jntral  part  of  a  blast-farnacc 

Mlb-ivheela,  having  their  teeth  at  ai 
iriaa  at  right  aiiglei 
Ting  the  bilge-v 


angle  to  the  & 


e  used  for  smelling  ir 

as  furnished  froia  the  puddling-forgea. 


a  to  be  blown 


:   Dialed 


.Befly.— The  ci 

Btod-wheeU.— 

Bdl-crank. — A  lever,  having  it 

BUge-ptmip: — Are  used  for  r< 

Slatt-^nmac.e.^An  upright  funiac 

Blooni4. — Masses  of  wrought- ir 

Blota-hi^es. — Airspaces  which 

BlowlKrough  Cocki. — Are  applied  to  steam -engines  tu  allow  sti 

through  cylinder  and  uondeiiser  before  starling. 
Bodg.—Thn  apper  part  of  the  blast-furnace. 
Btiring-hars. — t'arry  the  tools  bj  which  eyliaders  are  bored, 
iBoring-keadi. — Short  cylinders,  which  carry  cottiog-tool«,  i 
apon  boring-bars. 
, — Lower  part  of  the  blast-furnaee. 
Sou. — Circular  elevations  to  receive  the  pressure  of  nuts,  bolt-heads,  Ac. ;  also 
entral  projections,  to  which  the  arms  of  the  wheels,  &e..  are  attached. 
Soliyoidiil, — A  Iprm  applied  to  minerals,  of  which  the  fraclure  is  conchoidnl, 
Bn'ne-pHmpi.—A.re  used  lo  diBchargc  Ralt-wat«r   from   marine  boilers,  at  in- 
tervals, lo  prevent  snper-satu ration  and  deposition  of  salt. 
firoacliea, — Tools  for  smoothing  cylindrical  or  conical  holes. 
(noted-— Pistons  fitted  with  valves  t«  allow  of  the  passuge  of  Quid  throiich 

them  in  one  direction. 
iitekel'pumps.—F  ampK  fnrniehed  with  bnctteti. 
htddlex. — Apparatus  for  wushing  minerals. 
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Cama. — Dines  upnn  wliicb  bosses  or  prolusions  are  formed,  eilher  opoo  |] 

pftriphery  or  Uie  face. 
Carbanatit. — Compounds  of  enrth  or  oxide 
Carrier. — A  piete  of  ajjparatua  used   to  li 

lalbe. 
Cataract. — A  Bpecies  of  brake,  which  is  used  to  govern  iLe  Telocity  of  Coroi 

pamping'-engiiie)). 
Ce«(re-puneA. — A  poialed  punch  used  to  murk  ool  work. 
C/iwcij. — ApparalDs  connected  with  turning   latlics,  to  which  the  work  1( 

operated  upon  is  secured. 
Clack-valEe. — A  valve  opening  on  a  hinge  placed  at  one  edge. 
Clinkert. — Slags  or  seoriu  which  form  in  furnaces 
ClolhtTig. — Coveriug  applied  to  steam-boilers,  cylinders,  Sec  ,  to  prevent  I 

of  heat. 
Coliar-holt. — A  bolt  forg'ed  with  a  shoulder  tr  collar. 
Cotter-joint,  Gib.  and.— A  joint  made  wilb  a  key  aod  wcdp;- 
CoWiter. — An  instrnment  for  recording  the  number  of  strokes  or  revolnt 

mnde  by  machioery. 
Cores. — Pieces  of  baked  earth,  u.ted  to  prodace  caTities  in  castings. 
Core-firinta. — Projections  on  patterns  left  to  form  recesses  in  moalds,  i. 

Crosa-headi. — Cross-beams  carried  at  the  npper  ends  of  piston  and  other  ti 

CronK-tarla. — Similar  to  cross-heads,  but  fixed  at  the  lower  eilre 

Cupola. — A  smalt  blast  funiBce,  nsed  to  melt  iron  for  castings. 

Ci/aiioge7i.—~A  gas  consisting  of  carbon  and  hydrogen. 

Cylinder  port  K. — The  etc  am -passages  through  ivhicb  steam  is  admitted  to  the 

working  cylinder  of  an  engine. 
J)eoxidaiion. — Removal  of  oxygen  Trom  bodies  with  which  it  is  combined. 
Detent. — A  calch  to  arrest  the  teeth  of  wheels  or  racks. 
Jtividing-eTigine. — A  machine  to  effect  the  graduation  of  scales. 
J}iieiigaging-gear. —  Gear  for  stopping  and  starting  engines. 
Dontey-eitsincs.— Small  eugines  used  lo  feed  steam-boilers. 
i)ouW«-6eo/un/fe:i.— Valves  formed  with  two  seottngs. 
Drifts. — Tools  used  to  clear  square  and  polygonal  holes. 
Sifnamics. — I'he  science  which  treats  of  the  motion  of  bodies. 
Eccentric. — A  wheel  6xeA  eccentrically  npon  a  shaft  to  produce  reeUlii 

from  rotalive  motion. 
Eccentric.  $trap.—A  band  surrounding  the  eccentric,  and  within  i 

eccentric  revolves. 
Equilibrium-valve.— A.  valve  so  formed  that  it  is  noftffected  by  Boid  pre 

in  either  direction. 
Exhaust  port. — The  opening  by  which  waste  steam  leaves  the  working  cylin 
Exparuion-valve.—A   valve  used  to  cut  off  the  supply  of  steam  at  ai 

sitlon  of  the  engine. 
FoUe  leams.— Ridges  produced  on  castings  where  the  mould  is  joined. 
f^ed'pump. — A  pump  used  to  supply  steom -boilers. 


irrujmoiM.— ConlBining  iron. 

Jloxes  in  whtcli  moalds  for  caslings  are  made. 
Flujxs. — Materials  used  to  dissolve  Bcoriie   aud  protect  sarfacca  from  oxida- 

JTy.tcftee/, — A  heavy  wh(«1  employed  to  equalise  the  motion  of  machinery. 
floats. — A  kind  of  file,  lint  having  redges  instead  of  teeth. 

-Ao  eccentric  rod  having  n  gap  lo  embrace  the  valve-gear 
O'tlma. — A  combinalion  of  sulphur  and  lead. 
Gala  or  Gits. — Air  and  feed-bolea  left  in  moulds  for  castings. 

re-rorib. — Cocks  Sled  at  various  levels  in  a  tileom-boi'er  to  show  tbu 
height  of  the  water  level. 
'^e-gla*s. — A  gloss  lube  connected   at  top   and  bottom  with  the  boiter  to 
show  the  water  level  at  sight. 
OA  and  Cotter-joint. — S^  Cotter. 
Gits. — &e  Gales. 

Gland. — 'I'he  cover  of  a  stuffing-box. 

Goitmar. — An  Instrumeut  to  regulate  the  motion  of  a  prime  mover. 
ffreaie-coat. — A  cock  to  allow  of  the  entrance  of  grease  to  steam-cylindmi, 

^c.  without  loss  of  steam. 
Gudgeoni. — Short  shafts,  pins,  or  stnds  actiog  u  axes  of  rotation  or  oscil- 
lation. 
idt. — The  standards  which  carry  the  centres  of  a  lathe. 
It-boring. — Set  Boring-heads. 
ftadt-eroia. — See  Cross- heads. 

-The  vessels  making  the  communications  between  the  various  tabei 
of  Cradilock's  boiler. 
\eai,  lafefU.—Heat  which  has  disapppared  during  liiiuefaction  or  gasification. 
ttals,  specific- — The  relative  quantities  of  beat  coutaiued  by  various  bodies 

of  equal  weight. 
fob. — A  kind  of  screw  used  to  make  dies  and  screw-cutting  tools 
Tub. — See  Boss. 

foni'-jem/y.— Uniformity  of  testure  and  constituiion. 
Jom-plales — The  plates  which  guide   and   retain    ibe  axle-boxes  of  railway 

and  other  vehicles, 
brie -power. — One  horse-power  is  equal  to  33,000  fool-poouds  of  work  per 

lot  v>d!. — A  cistern  inlo  which  the  water.  &c,,  from  the  condenser  of  a  steam- 
engine  is  raised  by  the  air-pump. 
hdf color.— An  instrument  for  determining  the  pressure  in  the  cylinder  of  a 
steam-engine. 

ff;ecft>r,  Qifford't. — An  instmrnent  for  feeding  boilers  by  means  of  a  jet  of 

iy'scd'on-foct. — The  cock  which  regulates  the  admission  of  water  to  the  coo- 

Kggif^g. — Washing  minerals  in  a  iiieve. 

Tournai.—'Vhal  part  of  a  shaft  which  is  in  contact  with  the  bearings. 
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Jo'Ue's  equifolenf. — The  amount  of  work  1oan<\  hv  Dr.  Juale  to  be  eqair&lenl 
to  one  unit  of  heat,  the  work  being  expendcil   in    the  production  o( 

rriction,  TT2  foot-pDund-i. 
jHiiit  Hngit. — The  rings  by  which  pialon  psekinga  are  retained  in  poiition 

and  ti^htened-up  tvhen  iiecesaiiry. 
Lemiiug  Mrew. — Thut  screw  hj  which  the  slide-rest  or  a  screw  cutting  lathe 

in  caaiied  to  progress  along  the  Inllie  bed. 
Lalenl  hral.—Sc  Heul.  lalmit. 

MnndrU, — The  shnriB  in  the  head-stnck  or  a  Inlhe  which  carries  Ihe  centre. 
llanhoU. — Ad  opeainz  in  a  steam-boilt^r  to  a^mlt  a  man  In  clean  it. 
Matrix. — The  soil  surrounding  a  mineral  which  adheres  to  it  when  it  is  ei- 

csvaled. 
MUre  lu/ieeia,— Bevel  wheels,  havinff  their  teelh  at  an  angle  of  io"  to  the  Wtii 
Moment  of  force.— The  intensity  of  n  rotating  force,  multiplied  bj  its  di»- 

tanee  from  the  centre  of  rotation. 
Mtid'hole.  —  Aa  aperture  in  the  lower  part  of  the  boiler  tu  allow  the  sedineot 

to  be  washed  out. 
Xoxziet. — The  extremities  of  the  sleum  and  exhautit  passages  of  the  cylinder 

of  a  steam-engine. 
&xidittion. — The  comliinaiion  of  oxygen  with  any  substance. 
Oxides. — CoMi|iounds  of  o.vygeii  with  various  bodies. 
Packing. — Metal,  india-rubber,  or  hetnp,  employed  to  prevent  the  escape  ot 

steam  post  the  moving  parts  of  au  engine, 
Patl.—See  Deleui. 

Plug-rnd. — Rod  by  which  the  valve-gear  of  a  pnmping-engine  is  wrought, 
Piummer-Hocfcs. — Carry  the  bearings  of  shafts. 
J\ippet-head. — The  back  head  of  a  lathe. 
ftrts.— See  Cylinder  ports. 
Power — Work  divided  by  time. 
Prints. — See  Coi'e  prints. 
Pump  bunJcets.—See  Buckets. 
]}eiiifimn. — Of  a  kidney  shape. 
Rbi/mers. — See  Broaches. 

Riggrrs. — rulleys  by  which  motion  is  transmitted  throngh  bands. 
Ring-valvei. — Double-beat  vulres.  having  Ihe  two  beats  in  the  same  plaite, 
Jloaaling.^An  operation  to  remove  sulphur,  arsenic,  and  other  volatile  iogrv- 

dients  from  minerals  lo  be  smelted. 
Scab/. — Defects  on  costings  produced  by  the  peeling  of  the  moald. 
.■^Iiank. — A  large  kdle  used  by  moulders.  ^H 

Silicates. — ComLiinalion<<  of  silicic  acid  with  various  bases.  ^^M 

Slag  or  Scorice. — ^The  refuse  from  smelling  operotioos.  ^^B 

Snap. — A  swage  used  for  forging  the  heads  of  rivets. 
Sriuga. — Projections  to  afford  means  of  attachment  or  lo  fix  the  position  cf 

plummer  blocks.  &c. 
Spur  lofieris.— Tooth  wheels. 
Spring  beamt. — Stout  beams  that  receive  the  blow  at  the  terminntion  or  th« 

stroke  of  a  Coroisb  engine. 
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Steam-jaeM. — Stetm  B|Mioe  left  mroiind  a  irorking  cylincler. 

Steam^HffiM, — See  Cjlinder  ports. 

SulphaieM. — Componodi  of  salpbnric  acid  with  Tanons  bases. 

SulphideB  or  SttlphureU. — Compoands  of  salphur  with  Tarioos  elements. 

Superheaters. — Apparatus  for  elevatiDg  the  temperature  of  steam  above  that 

due  to  its  pres<:are. 
Tang, — ^That  part  of  a  file  or  cbisel  tbat  is  inserted  in  the  handle. 
Taps  and  Dies, — ^Tools  for  making  nuts  and  screws. 
Template. — A  gauge  showing  the  profile  of  any  required  work. 
Trunnions. — ^The  journals  by  which  oscillating  cylinders  are  supported. 
Tue-tron, — The  nozzle  through  which  the  blast  is  supplied  to  a  forge. 
Tunnd'hole. — The  opening  through  which  a  blast  furnace  is  fed. 
Tuyer. — See  Tue-iron. 

Valves. — A  pparatus  to  regulate  the  flow  of  liquids  and  gases. 
Wdd. — A  joint  made  by  hammering  or  pressing  metals  together  wbc     hoi. 
Work. — A  pressure  multiplied  into  the  space  through  which  it  acts. 


INBEX. 


BAbel's   method   of  combioing   copper 

Lccumalatcd  work,  82 
not  crank,  97 
iLvtion    of    rei:iprocatiDg    stfam-en- 
'^  Bines,  8B 
LdditioD,  327 

kgricullural   locomotive,   Pullao  and 
_j.kc's.  214 
lir-Engiaes,  74 
'  'ir-pmnpa,  16(i 

UkikUne  carbonate,  fusion  with,  390 
Llloj  or  copper  and  ulumisum,  20 
fttloj  of  copper  and  plioKphorus,  20 
^lo;  of  cupper  and  silicon.  20 

'     m,  alloy  of  copper  and,  20 

experimenta     on      cxplo- 


n  of,  202 


nx.  292 

rican  experiments  on  explosions. 
Dtrar;  coiiclusionfl  drawn  from,  Wi 
ialfsis  of  bog-iron  ore,  402 
ftnalysid  of  brown  hemiitite.  400,  401 
ILnalyBig   of  brown    hemalite,   t'rese- 
k  nius'a  method.  400 
IlimlyBis  of  ciist-iron,  394 
iLdnlyaia  of  eluy  iroQBtoiie,  Puroell's 
;    method,  307 

Lnaljsis  of  chrome  iron  ore.  399 
Loalfsis  of  chrome  Iron  ore,  Noad's 
[method,  399 
Mlfab  of  chrome  iron  ore,  Woehler'e 
method,  400 
analysis  of  furnace  slag.  403 
mIjeIs  of  iron  and  iron  ores,  368 
>al;sis  of  meteoric  iron,  403 
laljgis  of  red  hematite,  400 
imlyfiia  of  red  hematite,  Frcsenius's 
^  method.  400 
tnolj^is  of  spathose  iron  ore.  398 
lalfsis  of  spa  those  iron  ore,  Ouniog- 
«n'B  method,  398 
ulfsia  of  upalhoBB  iron  ore,  Woeh- 


nelho< 


398 


tsijtis  of  titanic  iron  ore,  403 


Angles  of  edges  of  culling  tools,  47 

Annealing  of  steel,  3<i4 

Anvil,  37 

AppUcubility    of    various    kinds    of 
Hleam -engine  9,  109 

Ariibmetii'al  signs,  323 

Axle  and  policy,  78 

Baked  siitid.  moulding  ii 

Balance  for  loose  ei 

Ball  valve.  173 

Beam  eogine,  deacriptioi 

Beam,  main,  148 

Beams.  148 

Bearings,  150 

Besiiemer's  process  for  r 

Block  shale  as  a  Sax,  2b 

Blast  furnace.  24    ' 

Blast    furnace,    consumption  of   fuel 
in.  27 

Blast  furnace,  practical  working  of,  27 

Blast,  hut.  27 

Bla-it  for  cnpolas,  4.') 

Blocks,  plummer,  150 

Blooms  of  iron,  35 

Blowing  machine,  26 

Bog  iron  ore,  analysis  of,  402 

Bailer  appendages.  180 

Boiler,  BoUon-aod-Wutt.  231 

Boiicr,  description  of  Corni»h,  175 

Boiler,  descrijition  of  Cruddock's,  176 

Boiler,  description  of  locomotifri,  179 

Boiler,  description  of  marine  Uni.  179 

Boiler,   description    of   marina    tabu- 
lar, 179 

Boiicr,  elephant.  256 

Boiler,  exhibition  of  1851.  248 

Boiler,  (iailoway's  conlcal-tubc   iZl 

Boiler,  hay-stack.  230 

Boiler,  mullitubnlar,  235 

Boiler-aelting.  180 

Boiicr  sUys.  108 

Boiler  tubes,  180 

Boiler-wagon.  230 

BoUer,  Woolfs,  237 

41J 
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Boilrrs,  173,  219,  229 

Consumption  of  fuL'l  in  blast  furnicet,]^^! 

Boilera  compoBeii  of  riveted   plates. 

Coodeosers.  163 

detects  of,  310 

Boilers.  CoraiBh,  horse,  power  of.  IOC 
Builera,  delerio»tiun  uf.  292 

Conical  pendulum,  86,  159 

Conical  valve,  172 

Boilers,  manufaclnre  o(,  179 

Connecting  rod.  99, 146                   ^m 

Boilers,  general  principles  of.  106 

ConenniptiDU  of  smoke,  169            ^M 

Boilers,  bow  change  of  torin  of,  pro- 

Copper, 19                                          ^H 

duces  frtttlore.  315 

Copper  and  aluminam.  allov  of,  3Bl^H 
Copper  and  phoaphorns,  alloy  of,  l''^^ 

Boilers,  marine.  235 

Boilers,  tubular,  home-power  at,  lOS 

Copper  and  silicon,  alloy  of,  20 

Bolton. anti- Walt  boiler,  231 

Copper  forging.  40 

Boring  bars,  5" 

Copper  ores,  cleansing,  31 

Borlnsheads,  57,  119 

Copper  ores,  localities  in  which  tttj 

Bosses,  149 

occur.  30 

Bourne,  John,  note  bj-,  219 

Copper  smelting.  32 

Bourne.  John,  on  amoke-burning,  285 

Co^B.  43 

Boydell's  traction  engine,  213 

Cornish  boilers,  power  of,  106 

Brass,  20 

Cornish   boiler,    Scarborough   w»te^ 

Brnj's  Eraclioa  cnpnc.  213 

works,  176 

Broaches  and  rhymers,  50 

Cornish  engines,  doty  of,  187 

Brown  hemiitile,  nndysis  of,  400 

Cruddock-B  boiler.  177 

Crank,  98,  151 

Btitterfir  Tslves.  171 

Crank,  action  of,  91 

Calculaling  screw  threads,  ejiplanatioo 

Crank  Rhftfta,  151,153 

of  methods  of,  332 

Cross-heads,  144 

Cam,  expansion.  158 

Cupola.  45 

Cams.  159 

Cutters,  54 

Carbonate  of  iron,  377 

Cutting  tools,  46 

Casebardeaing  of  iron,  365 

Cylinders.  113 

Casting  and  monlding,  41 

Cylinders,  oscillating.  114 

Cast-iron,  18 

Details  of  steam-engines,  113 

Cwt-iron.  refining.  28 

Dies,  37 

Canstic  potasEa,  fusion  with,  390 

Direct    action    screw    propdler 

Centrifugal  force,  83 

gine.  206 

Centrifugal  pump,  170 

Disc  engine.  92 

Chalk  us  a  fl(.x,  23 

Change  nheeU,  method  with  two,  333, 

Dividing  engine.  61 

340 

Divisibility  of  numbers,  326 
Diviaion.  328 

Change  wheels,  method  with  four,  335, 

338.  340 

Double  beat  vahes.  172 

Change  wheels  for  screws.  332 

Double  cylinder  engines,  133 

Change  wheels  fur  screws  on  turning 

Drifts.  50 

lathe,  rules  for  calculating.  323 

Drilling  machines,  59 

Change  whecU    in    a    wheel    cutting 

Drilling  machine,  Cochrane*!,  S9 

machine.  .344 

Drill  stocks,  49 

Chilled  caslinge,  45 

Drills  aod  stocks.  48 

Chrome  iron  ore,  377 

Drills,  hand.  48 

Chrome  iron  ore,  aualjeis  of,  399 

Duly  of  various  Cornish  engines, 

<,'lack  valve.  171 

Duty  of  Iho  "Wicksteed"  engii 

Cla;  ironstone,  analysis  of,  397 

L.  W.  W..  188 

Clay's  method  of  refining  iron,  29 

Eccentric  rod.  153 

Cleansing  otQS.  23,  31 

Eccentrics.  104.  153.  159 

Oochrane's  drilling  machine,  61 

Eccentric  strap,  104 

Cold  chisels,  47 

Enual  moments  of  force,  75 

Combustion  in  steam-engine  fumaoes, 

EquUibriom  valves,  131 

282 

Kiiuivalent,  Joule's,  71 

explosions  with  accidental,  29S. 

Engini'B,  the  two  ways  of  WOrklB 

Ether  engines,  74 
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^^    BxMDsioa  cjun.  138 

Olossftrv,  40;t 

Expan»i>n  of  steel.  363 

(Jovernor*.  86.  138, 159 

Kxp«n»ivc  dclioQ  of  sienm,  71 

Grand  Junction  pumping  engine,  193 

1         Kxpansion  vaWes,  135 

« raver,  53 

FJSxpIosion  at  Urosa  Lane,  MancheB- 

Gn-i-D  sand,  moulding  in,  41 

ter.  2H 

Gudgeons,  151) 

Gumper».  C.  G,.  patent  propeller,  184 

Gun,  furling  monster,  39 

292.  HIS 

Hammers,  37 

zploaiuDs,  caaaes  of,  292 

H»rtddrdl8.48 

lCi|ilosiiiD9,    circmnstauccs    attending 

Hand  inraing  tools.  63 

oxperimeutR,  305 

Huv-ttaek  boiler,  230 

tspWiuas,    comparisoa    of    coduId- 

Heat.  67 

^8.003.  304 

IlealiLul  motion,  70 

IxplnsioD,  experimentiil.  293 

Heal,  latent.  68 

Bxplu9iuns,  pruL-ticsl    application  of 

Hi>al.  specific,  70 

experiineDts,  30G 

Hi(i;b  pressure  flleani,  220 

Horse-piiwer  of  disc  engines,  92 

acc  and  edge  cutlery,  S4 

Horae-power  of  reciprocating  engines, 

Ulln!t  boUioit.  k«9  of.  82 

«e<l  pump,  167 

Horee-power  of  rotary  engines,  91 

ilM,  46 

Hot  blust,  27 

ire  engine.  I^e  anil  Larned's,  216 

Ilorscpiiner  of  tubular  boilers.  107 

ittiDjf.  63 

HydroBtalic  press,  78 

lasks.  42 

Impact,  m 
tndicator.  190 

Ikt  t»>>l.  53 

Jluxes,  23 

Iron,  17 

ly.wWel.  87. 105 

Iron,  analysis  of,  368 

Ofce,  centrifugal,  83 

Iron,  case  hardening  of,  363                                     | 

orge  fuel.  36 

Iron,  east,  18.  27                                               Uj 

Orge  furutice,  36 

Iron,  cast,  aoalysia  of,  394 

torgln^  copper.  40 

Ito.   do.    carbon  as  graphilo,  3>5 

>rgii)g  large  shults.  38 

Do.   do.    combined  carbon,  396 

urging  monster  gun  at  Lirerpool,  39 

Do.   du.    chemical  analysis.  3M 

Do.   do.    manganese,  39a 

«clions.  redaction  of,  324 

eign  mclals,  397 

iikCtinns,  rL'lutive  values  of,  32.') 

rkelion,    to    reduce    to    its    lowest 

Do.    do.    phosphorus,  396 

point.  325 

Do.   do.    silicon.  395 

Do.   do.    lulphnr,  394 

Iron,   cast,  preparnliou  of.  eumplc  for 

lel.  furge.  36 

analysis,  394 

Iron,  cast,  refining,  28 

Iron,  estimation  of,   by  means  of  hy- 

■rn.c<>. forge,  36 

drogen.  382 

truuue.  reOuing,  28 

Iron,  estimation  of,  in  analysis,  378, 379 

IT  0  ace.  reverbatorj,  29.  33 

Do.    do.    Fuch'a  method,  379 

ornitcc  slug,  anal^Bia  of,  403 

Do.     do.     Margucritle's  method,  380 

■     Fusion    with   an    alkaline  carbonate, 

Do.     do.     Penny's  method,  381 

391) 

iron,  forifing  of.  35 

Fusion  wilb  caustic  potaasa.  390 

Fusion  with  caustic  potassa,  Abich's 

Iron,  pudding,  28 

method,  391 

iron  pyrites,  377 

Paiion  witb  caustic  polusso.  Berielli- 

iron,  separation  of.  from  alkalies  and 

na'K  luelbod.  391 

alkaline  earths,  390 

Gab-lever.  l.%e 

Iron,    sepurulion    of,    from    carbonic 

<Jalloffa/a  conical  tube  boiler,  237 

acid,  392 

Ualea,  ur  gits,  42 

Iron,  separation  of,  from  alumina,  388 
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Slelting  metal,  fnel  eonamned  io,  45 

nickel,  386 

Metal,  fuel  consumed  in  melting,  45 

Iron,  Beparalion  of,  from  lime,  atrontia 

Meullurgy.  22 

ana  Ihe  alkalies.  3S2 

Metallnrgy  of  copper,  32 

Metallurgy  of  iron,  24                           ^_ 

cerium.  392 

Metallurgy  of  lead,  33                        ^M 

Metallurey  of  tin,  33                           ^H 

Iron,  separation   o(,   troto    phospboric 

acid.  392 
Iron,  separation  of,  from  silicfi,  390 

Metallurgy  of  line,  33                      ^M 
Metal  my.  48                                       ,^H 
Meteoric  iron,  analj'sis  of.  403         ^H 

Iron,  sepiiration  ofBatphar  from.  393 

Iron,  theory  of  the  reduutloa  ot,  23 

Moments  of  force,  75                       ^H 

Iron,  wronght,  IH,  23 

Momenta  of  force,  equal.  75              ^^H 

Moulding  in  baked  sand,  43             ^H 

Iron  orea,  aaitljaia  of,  366.  ^<J^ 

Moulding  in  green  sand,  4L               ^^M 

Ironores,  cleansing  of,  23 

Moulding  in  loam.  43                         ^^M 

Iron    ores,  localities    in  which    they 

Multiplication,  326                             ^^M 

occur,  22 

Multitubular  boiler.  235                      ^^ 

Iron  orea.  roasliog  of.  24 

Mynderse.  Silsby,  and  Co.'s  steam-Sn       ' 

Iron  ores,  anielling  of,  24 

engine,  217 

Isherwood  and  S timer's  experiments, 

Nuiimylb'a  sleamhammer.  35 

72 

New  pumping  engine,  tfcurborci'  Watf^^ 

Jenkyns'  valve,  172 

works.  201                                      ^H 

Journals,  150 

Numbers,  divisibility  of,  326             ^H 

Lake's  asriciilturiil  locomotive,  Pnllan 

NutK,  51                                            ^1 

and.  214 

N'ui-sbaping  machine,  61                  ^H 

Lake's  traction-engine,  Pullan  and,  214 

Ores  of  copper,  30                           ^^H 

Lathe,  5S 

Ores  of  iron,  22                                    ^^H 

Laws  of  falling  bodies.  82 

Ores  of  lead,  33                                ^H 

Lead,  ores  of.  33 

Ores  of  tin,  33                                 ^H 

Lead,  rvduclJun  of  ores  of.  33 

Ores  of  zim.  32                                   ^H 

Lee  and  Lftroed'a  Bre-engine,  216 

Oncilbiting  cylinders.  114                ^^1 

Levers.  76 

Paddle  wheel,  182                               ^H 

Limestone  as  a  fliii,  23 

Pariillfl  motion,  93                          ^^M 

Link  motion.  Ih" 

Parallel  motion,  links  of,  147            ^^1 

Links  fur  parallel  motion,  147 

Parliuglool,  52                                    ^H 

Loum,  moulding  in,  43 

Patterns,  42                                          ^H 

Locality  of  copper  ores,  30 

Pendulum  conical,  86.  159                  t^M 

Localilyof  iron  ores.  22 

Peroxide  of  iron,  separation  of,  fto^l 

Locomotive  boiler,  179,  225 

baryta,  389 

Luc 0 motive  enirine,  208 

Peroxide  of  iron,  separation   of,  frOM 

Lon^cstuff  and  PuUan's  Iraclion  engine, 

protoxide  of  manganese,  384 

213 

Peroxide  of  iron,  Beparalion  of.  froB 

Loose  eccentric,  155 

vttria,  389                                       ^m 

Looae  eccentric,  balance  for,  156 

Perraux'a  indla-mbbcr  valve,  171     ^H 

MiiRnelic  iron  ore,  376 
Main  beams.  148 

Piston,  91. 138                                  ^H 

Piston  rods.  91,  142                             ^H 

Muin  feutures  of  varioaa  enKines.  110 

Piston  pnmps,  169                           ^H 

Planing  machine,  59                            ^H 

HanipulaUon,  62 

Plunger  pnmpa,  169                            ^^H 

Manufacture  of  steel,  29 

PUimmer  blocks,  150                          ^H 

Murine  boilers,  235 

Pneumatic  lift,  80                            ^H 

Uarineenginee,  205,  236 

Point  tool,  52                                   ^H 

Marine  flue  boilens  178 

Porta.  115                                             ^M 

Marine  tubular  boilers,  179 

Practical  diRicnllies  of  trdctjon  M^H 

Mechanical     coDStruction,     principles 

neering,  212                                   ^^H 

of.  75 

Propellers.  182                                ^^1 

Mechauical  work,  75 

Propeller,  Uumpel's,  184                   ^^1 

F                                              I^1)EX.                                         415  ^^M 

*    Propeller,  hirudine.  194 

Screws,  change  wheels  for,  on  a  turn- 

Pt<.peller, Rttlhven,  183 

ing  lathe,  rules  for  calculating.  323 

Proiwller.  screw,  183 

Screws,  cutting.  332 

Proioxiile  or  iroD,  separation  oC  from 

Screw-cutting,  table  of  change  wheels 

peroxide  of  iron.  382 
ifo.    rto.     FreseniuB'a  method,  362 

for,  343 

Screw.ptttle,  50 

Do.     do.     Piicli'e  method,  383 

Screw  propeller  engine,  206 

Do.     do,     Eose's  method,  383 

Screw  propellers,  1H3 

Do.     do.     Wood's  i.ii«lj-«3.  383 

Screw  threads,  explanation  of  methods 

Puddling.  28 

of  calculating,  ^32 

Puddling  farnnee.  28 

Screw  tool.  53 

Puddling  iron,  28 

Scribing  block,  66 

PuUan   und   Labe'a  agricultural  toco- 

Separation  of  iron  from  alkniies  aod 

motive,  214 

alkaline  earths,  390 

Pullun  aod  Lake's  triction  eogine,  214 

Separation  of  iron  from  alumina,  388 

Pulley  and  as le,  78 

Do.     do.     Berthier's  method.  388 

Pumping  engines,  193 

Do.    do.    Knop's  method,  388 

Pumpinp  eopnes.  duty  or,  181 

Sepiiration  of  iron  from  carbonic  acid, 

Pumping  engines.  Boltoo  and  Watt's, 

392 

East  London  Water-works,  201 

Separation  of  iron  from  chromium,  391 

Pumping  engine.  Grand  Junction.  193 

Do.     do.     Liebig's  method,  391 

Pumping  engines,  Scarborough  Water- 

Do.   do.    Rose's  method.  391 

works,  2U1 

Separation   of   iron   from   cobalt   and 

Pompiog  engine,  Woolfe's,  202 

nickel,  366 

Pumps.  168 

Do.    do.    Field's  method,  387 

Punching  machine.  60 

Do.     do.     Liebig'a  method.  387 

Punching  maL-hine,  De  Berqn6'a,  61 

Do.     do.     Phillips's  method.  386 

Reciprocating      engine,     horse-power 

Do.     do.     Rose's  method,  387 

or,  88 

Separation  of  iron  from  luDtauum  and 

Reciprocating     Bteara-engine,    action 

cerium,  392 

or.  88 

Separation  of  iron  from  lime,  strootia. 

Red  hematite.  376 

and  the  alkalies,  392 

Red  hematite,  analysis  of,  400 

Separation  of  iron  from  magnesia,  389 

Reduction  of  fractions,  324 

Separation  of  iron  from  phosphoric 

Refining  cast-iron.  28 

acid,  393 

Refining  foruace,  28 

Regnanll's  eTperimenta  on  properties 

Do.    do.    Freseniiis's  method,  393 

Separation  of  iron  from  silico.  390 

of  Batnmled  steam,  225 

Separation    of   iron    from    magnesia, 

Relative  values  of  fractions.  325 

389 

Revcrberatorj  fnrnace,  28,  33,  45 

Separation   of  peroxide   of  iron  bom 

Road  locomotives,  211 

protoxide  of  manganese,  384 

Roosting  iron  ores,  24 

Seporation  of  peroxide  of  iron  from 

Roastiu;:  kiln,  24 

yltria,  369 

Rods.  143 

Do.    do.     Berthier's  method,  389 

Rolling  mill,  36 

Do.    do.    Scherer's  method,  369 

Rotary  engines,  power  of,  91,  105 

Separation  of  sulphur  from  iron,  393 

Rotary  motion.  84 
Rotative  engines.  302 

Do.    do.     Bromeis's  method,  393 

Setting  of  boUers,  160 

Bale  of  three.  329 

Shafts,  forging  of,  38 

Rule  of  three  with  fractions,  330 

Shafts,  forging  large,  38 

Rnthven's  propeller.  183 

Shand  and  Mason's  steam -fire-engine. 

Safety-valves,  sticking  of,  296 

216 

Scarborough  water-works,  new  pnmp- 

Shaping  machine,  58 

iug  engine  at,  201 

Shears,  51 

Scrapers.  4S 

Shrinking  of  steel,  366 

Silshy.  Mynderse  and  Co.'s,  iteam-B». 

Screws,  50 

Hatnrated    steam,   table   of  properties 

engine.  217 

of,  225 

Slide-lever  engine,  206 

INDEX.                                        ^^^^^H 

Side  tool.  52 

Stimer  and  Tsherwood's  expOTmraCn^" 

Slide  valve.  124 

Subtraction.  327 

SlotliDKinacbino,  51 

Superheated  steam.  189 

81otlingtoa1,53 

Surface  blow-off  apparatus.  248 

Smoke-burning;,  222 

Surface  condensulion,  165 

Smoke-hurning  fiirnaces.  265 

Surface-plate,  64 

Hmoke-barning,    remarks    on,    by    J. 

Tail-vice.  65 

Bourne.  285 

Taps,  51 

Smoke.  tonHumption  of.  189 

Temperingof  steel,  360 

Smoke  prevention.  263 

Tin  ores,  33 

Tin  ores,  smelting  of.  33 

Soape.  40 

Titanic  iron  ore,  analysis  of.  402 

Spaihoae  iron  ore,  analysia  of,  3S8 

Ti-aclion  engine.  Boydeirs.  213 

Specific  heat.  70 

Traction  engine,  Brav's.  213 

Specular  iron,  376 

1'raction  engine.  Longstaff  and  Pal- 

Spray  pump,  171 
Spring  looi,  52 

la  n's,  213 

Traction  engine.  Pnllan  and  Ijike's, 

Stolk  valves.  172 

214 

SUyg  for  boilers,  108 

Traction  engines.  211 

Steam  boilers,  general  principles  of. 

Traction  engines,  practical  difficoliies 

106 

of,  212 

Trunk  pumps.  169 

Sieam-engbe,  general  arrangement  of, 

Tubes  for  boiler.  180 

8B 

Tubular  boilers,  power  of  107 

Steam-engine,  physical  basis  of,  B7 

Tubular  marine  boilers.  179 

kinils,  109 

Valve,  conical.  172                          _^H 

Steam-engines,  details  of,  113 

Valve,  Perranx's  India-rubber,  ITl^^H 

Steara.  expansive  action  or,  71 

Valves,  113,  171                                  ^H 

Sleftm-fire-eupnes,  216 

Valve,  expansion.  135                         ^^H 

Steam-fire-engine.    Silsby,    Mynderae 

M'agon  boiler.  230                               ^^M 

and  Co.  ■8.217 

Water,  deficiency  of,  297                  ^H 

Steam,  bigli  pressure.  220 

Water,   loss   of,   by   blowing   off  tg^M 

Steam  power,  various  applications,  186 

leakage.  299                                 ^H 

Steel,  18,  29,  38,  Ul 

Steel,  annealing  of,  364 

Welded  loinU,  38                                   ^H 

Steel,  constitution  oF,  18 

Wt-hling.  38                                       ^M 

Slecl-expausion,  363 

Wheel-cnttlng    machine,   method  ^^M 

Steel.  Cbrging  of,  347 

calculating  the  change  wheels  iOil^^^l 

Wickeieed   pumping  engine,  datf^^^l 

Steel,  management  of.  347 

..^H 

Steel,  shrinking  of.  366 

Williams's  smoke-burning  faniHe,9^^H 

Steel,  temi>ering  of,  360 

Woolfe's  boiler.  237                             ^^M 

Steel,  cast,  fuel  for.  348 

Woolfe's  pumping  engine,  202          ^^H 

SUel.  cast,  fire  for  forging,  348 

^H 

Steel,  cast,  heat  for  forging.  346 

Workshop  machinery.  55                 ^^H 

Steel,  cast,  overheating,  348 

Wrought-iron,  crystal itation  of,  SI^^H 

Steel,  cast,  welding.  348 

Zinc  ores,  32                                    ^^^1 

Stevenson's  locomotive,  208 

Zinc,  smelUng  of,  33                        ^^1 
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With  SpceiHo  Instruclioi 
Uill  Fnmie«,  Warehnui 
Bygtem  ofBndjp!  Building 
■nibles.     lilnalriiled  by  .IK  p.niP," 
William  E.  Bell,  Architect  ai 

BELL.— Chemical  Phenomena  of  Iron  Smelting: 
As  ExperimentAl  and  Practical  Examination  of  Ihe  Cireutnstanws 
which  delenninc  the  Capacity  of  the  Blast  Furnace,  the  Temperahire 
of  (he  Air,  and  the  proper  Condition  of  the  Malerials  to  bs  operated 
upon.    By  I.  LowthiasBbll.    IlluBtrtitwl.    8vo.      .        ,       M.OO 

BEMBOSE.— Manual  of  Wood  Carving : 

WKh  Pm.-lli'fll  lllustmliiiHsfor  Learncra  . if  Ihc  Art, uud  Original  and 
Selected  IV>iBn«,  Bv  WlM.IAM  BE.MBOSF.,.Tr.  With  un  liilrodactiOD 
by  T.i.EWKLLVSjKwiTT,  F.8.A.,clo.  WithiaSllluslratiouB.  4lo., 
cloth $3.00 

BIG  KITE  LL.— Village  Builder,  and  Supplement ; 

Elcvnl'ona  imd  Plans  for  (^nttoeea,  Villati,  Suburban  Residences, 
Farm  Houses,  Slnblcs  and  Carriage  Houses.  Sloro  Fri.nls,  Schiw.l 
Hoiwes,  Churchex.Coart  Hoiues.and  a  model  J^l;  also,  Exterior  and 


Interior  details  for  Public  and  Private  Buildinos,  witli  approve<) 
Forma  of  Contracts  and  S)ieciGeatiaiu,  inclndlos  Prices  of  Building 
Unteriala  and  Labor  at  Boston,  Mass., and  St.  LcdIb,  Mo.    CoDtainio^ 


75  plates  dmnrn  to  scale;  shoiring:  the  style  and  cost  of  buildinj, 
diR«rent  sections  of  Ihe  country,  being  an  original  vork  cnnipriwn^' 
the  desiens  of  twenty  leading  architecU,  representing  the  New  Eiig' 
land,  Uiddle,  Western,  and  Southwestern  States.    4to.  iVJ.fW 
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BIiENKABN.— Practical  Speciflcations  of  Works  exe- 
cuted in  Architecture,  Civil  aad  Mechanical  Engi- 
neering, and  in  Boad  Making  and  Sewering ; 

To  wlildi  nri'  aclilvil  a  M.-rii.'»  u(  [imolioallf  UKfiil  AvTv^rapnu  niid  Rr- 
imrts.  f!y  Jou.v  BleskaU\.  Uluatrati-tl  bv  15  liirEf  IblcliuB  nlntra, 
»¥0 «!'.00 

.BLIHN.— A  Practical  Workshop  Companion  for  Tin, 
Bheot-Iron,  and  Copperplate  Workers  : 

CnriWiiiiiig  Rulp!  fur  rtcMTiliiiij,"  viirioin  kinds  of  PalWrus  mteA  by 
Tin,  Shecl-lroD,  ond  Copper-iilule  Wnrlccrs^  Practical  Utomctrv ; 
Ui^juiirationorSurfoceBandBnUil);  Tables  bf  the  Wei);bU  of  Metals, 


',  Matter  kl(y,bauic.'  With  o 


r  IW)  ufi 


91.60 


BOOTH.—Marble  Worker's  Manual: 

Contuiiiiiia  rraclU'at  Infurmitlinn  re^^ting  Morblen  in  general,  Ihtir 
Cuttiug,  Wurkin^  and  Polinliini;;  Veaeenag  of  Marblp;  Houucs; 
CompoBitiuD  and  Use  of  ArliGcial  Marble,  Stuccoa,  Cements,  BeivipU^ 
Secrets,  etc.,  i-tc.  Transluti.'d  from  the  French  by  U.  L.  Booni. 
With  an  Appendix  concerning  American  Marbles.  l2mo.,  cloth.    SI.60 


EnibrHiiiuK  ila  BpplicntioQ  to  the  Arls,  Metallur^,  Mmeralogv,  Ge- 
oloa>-,  MtdiPine,  untl  Pbannncr.  Hy  jAMIta  C.  lioOTH,  HelleV  and 
BeGoer  In  the  United  dtaKe  Mint,  Profeasor  of  Applied  Chemistry  in 
the  Fraiiklln  Institute,  etc.,  uriiiated  by  Campbell  MoBFtr,  author 
of  "  Chviuica]  Moatpulations,"  etc.  Seventh  edition.  Royal  »\-n.. 
978  pages,  »■■"■ ■'  — '-  — '  -  ■■—  =" — ' — ■' —  • 


I'ood-cDla  and  ntber  iilastralJoiu. 


BOX.— A  Practical  Treatise  on  Heat: 

As  Bi'iilied  to  ihe  L'Hcfiil  Arts  ;  (or  the  Use  of  Engineere,  ArcliitecU, 
etc.  Hy  Thomas  Bos,  anthor  of"  PratticalHydraHlira."  Uliutratol 
by  14  jjlatea  contnining  114  fignrea.     12mo H.'^ 


ii.M 


BBOWN.— Five    Hundred    and    Beren    Mochaniool 
Movements ; 

KinlirncinR  all  those  vhicb  are  mast  impurtnnt  in  Druamics,  Ilydniii- 
lies,  llydriHiCRtics,  PneumnticB^  Steam  Engines,  tlill  and  otlier  G<>.ar- 
ing,  Presses,  Honilo^,  and  Sdscetliuicoiu  Machinery;  and  melnding 
many  morenients  never  before  published,  nod  aereral  of  which  bavu 
only  recently  come  into  use.  By  HEJtBY  T.  Bbowk,  Editor  of  iha 
Artisan."    In  one  volnme,  lania         .  


I'maing 

«1^ 
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BUCKMASTKB.— The  Slentants  of  Itsohukioal  Plij- 
sios: 
Rr  J.  C.  Bi'iTUtASTSK,  Ian  Stadtat  ia  tk«  GnirvnmwM  SEhno)  at 
Khs:  Cirtifin)  TisdMr  «f  Scmsr  W  tlw  IVtMrtaHitl  iJ  :*riMK« 
uiJ  An :  Eiuaincr  in  CkeoiBlrf  uid  I'hTun  in  lb*  Kun)  C«lhnf( 
vr  Pmw^Uirs;  tad  iMf  LRtnirr  io  <1k«bU?  MHt  I1iiwi>  <>ir  l)n 
Royal  rolvirclinic  Insiiiau.  Illiuimnl  with  aumcnnw'mcniTinpk 
In  one  volnnw.  I^mo. tijtf 

BTTIiLOCE.— The  Amerioau  Cottago  Builder ; 
A  Series  or  Dengiu,  Plans,  and  Sp  ^ ' 

tor  Qomo  fur  the  PeMilc ;  IOi;\ : ' 
Drviiu^,  nuatiDie:,  and  lAiidsca|>  i 
Architect,  Civil  &i«iiw«r,  Hcdiui: 

meatf  ufArcliitectiireuKl  Buildiii;.'.  '^ 

gmvings.    In  one  volume,  !>vu ^i  .V) 

BinXOCK.  — The    Budiments   of   Arohiteoture   uid 
Building : 

For  Ihe 

American  Cottage  Builder 
volume,  Sl'o.      . 

BUBOH.— Practical  lUuBtratioiu  of  Land  and  Harlno 


or  niRh  >ncl  Uw  Vnm. 

irface  CondenwiLiau,  and  SiL|i«r-hnitiD|[,  [ogvllirr  mliIi  I'IUuI 

By  N,  P.  m-ttott,  Kn^uwr.     lUiiilratiHl  by 


ShoirlnK  in  detail  the  Modem  Impn 

'■'"'-  il  Sill 

20  jilnlcs,  double  elcplinnl  folio,  with  tell. 

BtTRGH.— Practical  Bules  for  the  Froportioiui  of  Mo- 
dern Engines  and  Boilers  for  Loud  and  Maria* 
Purposes. 

By  X.  P.  IJLiiun,  Engineer.    l:;mo fl.Ad 

BITBOH.— The  Blide-Talre  Fraotionlly  CooMidorod. 

By  S.  1'.  Hihgh,  Eiifc-mcer.    Ciimiiliildy  llluntrainl.     l:-i.i.>,      H'J.ixi 

BYLES.— Sophisms  of  Free  Trade  and  Popular  Politi- 
cal Economy  Examined, 

By  a  Bari[IKTI!H  (Sir  JoirN  Il.kiiXAun  Bvlkn,  JuiIkm  of  I'omninn 
PWl.  Firxt  Amcriciiu  from  llic  Ninth  Fnutiiih  l^ditiixi.  i«  piildiiliiil 
by  the  Muni^hevlcr  Reeipnieily  AuiH^lallnn.  In  iiiin  voluiiii<,  I'llino, 
Paper,  75  cla.     Cloth »!.» 

PTBN.— The  Complete  Practical  Brewer: 

Or  Plain,  Accunite  un<l  TI>oroui{h  In>trucllun>  in  the  Art  of  Ilrewlnit 
Beer,  Ale,  Porter,  iDcliidinjj  Ihu  Prin'CMi  of  mnidnii  lluvurlun  Ilmr, 
sti  the  Small  Beern,  RUeh  a*  Itnot-bcer,  Olnjfor-Iiop,  Snnwimrlll"- 
beer,  Iilead,  Spmce  Be^r,  ew.,  «Ut.  AAnnUnl  Mi  lli«  Uiw  of  Puhlln 
Brewers  and  Priirale  FamlllHi.  Bj  U.  La  FAYJtTTIi  JlYUM,  M .  D, 
With  illuMratioiM.    12iiio ftM 
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BYBN.—The  Complete  Pntcticol  DistUlor : 
CoiupruiUB  the  most  uerfwt  tad  oxBct  Theoretical  aod  Practical  De- 
■criiitiuiiuFtlie  Anof  UUtiUationandRectificatioii;  Jncluding  all  «f 
(be  luost  recant  improvenif^uta  In  illiliUing  nppanltus;  innrnotioim 
for  prep&ring  apiriU  from  tlie  numerous  vBgetablee,  fruits,  ate;  dircc- 
titiDB  for  the  diatillntion  Mill  preparation  of  all  kinds  of  brandia  anil 
other  iipirits.  Bpirituous  and  other  compounds,  etc,,  elc.  By  M.  Ljt 
Favbttb  ilYUN,  M.  n.  Eighth  ICdition.  To  which  are  added,  PrBc> 
ticul  Diroctious  for  Diatilliiig,  item  the  French  of  Th.  Fling,  urc' 
and  Diglilltr.     12nio $1M 

BYKNE.— Handbook  for  the  Artisan,  Mecbanio,  and 
Engineer : 

Ci>[ii|>risin^  tlii;  GriiidiiiK  ami  Shurpeiiiui:  of  CuttJiii;  TooU,  Abraaive 
PnM:i:^ies,  Luiriilury^  ^Vurk,  Gi^in  and  Olaaa  Eugn\-iag,  \  urniiiliinB 
and  Liicfcering,  Ajjpumliui,  Mati-riaU  UDd  Processes  for  Griudinff  and 
Polishing,  elc.  By  OLIVKK  BVBNK.  Uluatnited  by  1S5  Wxjoii  en- 
gmvinga.    In  olic  voluDie,  Svo K.OO 

BTBS^.— Bocket  Book  for  Bailroad  and  Civil  Bngi- 
neera: 

Conlaining  Kcw,  Exact,  and  Coociw  Uethoda  for  Laying  out  fioil- 
road  Curvu,  Switches,  Frog  Angles,  and  CnMsingB;  tT>e  i^iulcing 
out  of  work ;  Levelling;  the  Calrulutinn  of  Cultincs;  ICnibankmuuls ; 
Eftrth-work,  etc.  By  Oliver  BynsE.  ISmc,  fiill  houml,  jiopkci- 
book  form »l,<6 

BYRNE.— The  Practical  Model  Calculator; 

For  llic  Enjrineer,  Jfcchonic,  Muoufiii'lurer  of  Kiigjne  Work,  Naval 
Archiiwt.  Miner,  and  Siillwright.  By  Oliver  Bviusb,  i  Tolnoie, 
8yo.,  UBurlj'  600  pages ^1^ 

BYBITE.— The  Practical  Metal-Worker's  Asslfltant: 
Coniprising  Metallnrgic  Chemistry ;  tlie  Arts  of  Workine  all  Hclals 
andXlloya;  ForoiDg  of  Iron  and  Steel;  Hardening  and  T«aipetiaK: 
Ueltiiig  and  Mixing ;  Casting  and  Founding ;  Works  in  ShcM  Hclal ; 
The  Frnoesses  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  moat  Improved  Processes  and  Tools  employed  by  lletal- 
Workera.  With  the  Application  of  the  Art  of  Elcctro-MctoUttr^  to 
Manufacturing  Proteases;  collected  ftwm  Original  Sources,  and  rfon 
the  Works  of  Holtaipffel.  Bergeron,  Lenpold,  Plumicr,  Napier, 
SoniTern,  Cloy,  Fairbairn  and  others.  By  Oli\1[r  Bvbhb.  A  new, 
revised,  and  'improved  edition,  lo  which  is  added  An  Appenilii,  con- 
tainini-  The  MANrFACTPBK  o?  HnasLAN  Sbket-Irok.  By  Joi^v 
pEBcY,  M.  D.,  F.R.S.    Thb  Maitpactceb  or  Maixbaulb  Ikon 

CAHTINOB.  nlld    iMPBOVBMKNTS    IN    BlHaBKER    8TEEL.      By  A.   A. 

Fesquet,  Cliemiirt  and  Engineer.  With  over  600  Engraving*,  illns- 
trating  every  Branch  of  the  Subject    8vd *7.(Ki 

Cabinet  Maker's  Album  of  Furniture : 

Comprisinea  C«Ilef  (ion  of  Desiins  for  Furiiitur 
Liutgt  and  Beautifully  Engraved  Plates.  In  one 
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CAIiUNGHAU.— Sign  Writiag  and   Glass   Emboss- 


A  Comjiltte  Practical   IllustrBl«d   Manual  of  Uie  Art.    B^  Ja»EB 
Callinumam.    In  one  volume,  12mo ?1,50 

CAMPIN.— A  Fractioal  Traattae  on  Mecbanical  Engi- 
neering : 
ComprUing  Metallurjry,  Moulding,  Cudng,  Forging,  Tools,  Work- 
Bhnp  Mticninery,  Jlecboniual  UanipiJuiiuii,  UuuiifKoture  oi  Slnam- 
engines,  elc.,  etc.  With  an  Apiwnclii  ou  the  AnnlyBW  of  In'ti  and 
Iron  Ores.  By  FKANCtS  CaMPIN.C.  E.  To  whiuh  un  itidod,  Ubser- 
vBtioDs  on  the  Construcflon  of  Steam  Boilers,  aud  Bcmiu-k«  upon 
Flirna«9  usnl  for  Smoke  Preveatioii ;  villi  a  Chaptur  dd  Eiploiloni. 
Bj  B.  ArmstrOD)!:,  C-  E.,  and  John  Bourne.  Bules  for  C'alculitting 
the  Cbaiin  WhwU  for  Screws  on  a  Turning  Lwbe,  and  for  a  Vrheel- 
cuUing  Machine.  Bv  J.  La  Nicca.  Uana^ment  of  Sterl,  Includ- 
ing Forging,  Kanlening,  Tempering,  Annealing,  Shrinking,  aiuJ  I^- 
pansion.  And  the  Caae-bardening  of  Iron.  By  0.  EOB.  »to.  Illila- 
irated  witb  ^J  plnles  and  100  wood  engravings  .  ffl.OO 

CAJUFIIT.— The  Practice  of  Hand-Turning  in  Wood, 
Ivory,  Shell,  etc. : 

Witli   Inatrnctions  for  Tnming  encb  worka  io  Mela]  ss  may  be  re- 

auired  in  the  Practice  of  Turning  W<kk1,  Ivory,  etc.    Also,  nil  '.4ppcn- 
ii  on  Ornanii'utol  Turning.     By  FBANC19  CAMPI5  ;  with  Numerous 

lUnstrstions.    ISmo.,  cloth fS.OO 

CAHEY.— The  Works  of  Henry  C.  Carey: 

FINANCIAL  CRISES,  their  Causes  and  EfTcols.    8vo.  pnper  .         25 
HARMONY  OF  INTERESTS:  Agricultural,  Man ufuom ring,  and 

Commercial.    8vo.,  cloth #1.60 

MANUAL  OP  SOCIAL  SCIENCE.  Condensed  from  Corey's  "  Prin- 
piplea  of  Social  Science."  By  KiTE  McKkan.  1  toL  12tno.  $3.35 
MISCELLANEOUS  WOBKa :  corapridng  "  Harmony  of  Inlererts," 
"Money,"  "Letters  lo  the  PreHident,"  ^'Financial  Crises,"  "  The 
Way  lo  Outdo  England  Without  Fiphting  Her,"  "Rcsnurces  of 
the  Union,"  "The  Public  Debt,"  "Contractjon  or  ExnanBionF" 
"  Review  of  the  Decode  l857-'67,"  "  Reoomitniotion,''  etc..  cle. 

Two  vol*.,  avo.,  cloth Sin.OO 

FAST.  PRESENT,  AND  FUTURE.    8to «3.60 

PEINCIPLES  OF  SOCIAL  SCIENCE.  3  Tola.,  Svo.,  cloth  tlO.OO 
THE  SLAVE-TRADE,  DOMESTIC  AND  FOREIGN ;  Why  it  Ei- 
ists,  and  How  it  may  he.  Extinguished  (ISS.'i).  8vd.,  cloth  .  12.00 
LETTERS  ON  INTERNATIONAL  COPYRIGHT  (1807)  .  60 
THE  UNITY  OF  LAW :  As  Exhibited  in  the  Relations  of  Physical, 


In  o 


s  volume,  S 


CHAPUAIT.— A  Treatise  on  Bopemaking : 

As  PracliBeil  in  private  and  publio  Rope  Tarda,  with  a  Dewription 
of  the  Maiiiiraclnre  Biilcs,  Tallies  of  W<'i^ht«,  etc.,  adanled  to  the 
,  Mining,  Ituilways,  Builders,  etc.  By  RoiilCBT 
$IM 


Shipjimg. 
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COLBURN.— The  Locomotive 


ipliou  of  iM  fjtruuture,  Kules  fur  EstimatiaE  iu  Cap«> 
biJitieB,  uucl  Pntcticul  Obaurvutiuua  ua  its  C'linstruuiJua  au<i  Miuiajjo 
Dieiil.  H}-ZBRAaCoLDVii».  Ulusimied.  A  oi'W  wlition.  12ido.    il:iA 

CBAIK.  — The    Fractioal  Amerioan   Uillwright   and 
MiUer. 
Bi  liAViu  Ckaie.  MUlwriKliL    lUuttnilcd  bj  nuiiieroiu  wood  en- 

gniviiiirr!,  itiid  Iwu  folding  plates.     Hvu $5.UU 

SE  GBAFF.— The  Oeometrical  Stair  Builders'  Oaide : 
Bi^iuj;  A  Plain  Practical  Syitein  uf  Hulid-Jtimine,  emlirociu^all  iU 
neccasarf  Details,  awl  GAoiecricslly  Illmtnited  by  '2i  Htnl  uicm*- 
iDga ;  logethor  with  the  lue  of  the  most  approvfd  priuciples  ot  Prac- 
tiral  Geometry.    By  Simon  Dk  Grifp,  Arehitecl.    *w,       .       (5M 

DE  KONIHCK.— DIETZ.— A  Fraotical  Hanusl  of  Oba- 
mical  Analysis  and  Assaying : 

A.s  impliiid  t»  thuMuiiuroctureuf  Iron  from  Its  Ores,  uiid  to  Cuat  Iron, 
Wroujibt  Iron,  and  Steel,  aa  found  in  Commerce.  Bv  L.  L.  Db  KnSJ- 
CK,  Dr.  Sc.jjiQd  E.  DlETZ,  Engineer,    Eilited  witli  Soles,  by  ROOKST 


I Prof.H 


DTTHCA]^',— Practical  Surveyor'a  Guide -. 

Containing  tlia  necessBrv  infiirniatioo  (o  make  any  person,  of  common 
capacity,  a  finisbed  lanil  Burvevor  without  tlie  ai<l  of  a  teacher.  By 
AMiflKW  DrsCAK,     Illualrated.     J3mo.,  cloth.     .         .         .         $1.25 

DtlFIiAZS.— A  Treatise  on  the  ManufactiLre  and  Sis- 
tillatioD  of  Alcoholic  Liquors : 

ComiirisinKAceuratc  and  Cnmplpti'  Details  in  Regard  to  Alcohol  from 
Wine,  Molaaeea,  Ueeta  Grain,  Itiee,  Potatoes.  8ori|;huni,  .\sphodel. 
Fruits,  etc. ;  with  the  lliBtillatiou  and  Rectification  of  Brandy,  Whis- 
key, Rnm,  Gin,  Strin,  Abninthe,  etc.,  the  Prepaiation  of  Aromatic  Wa- 
ters, Volatile  Oils  or  Essences,  Sugars,  Byrups,  Annnatic  Tinctures, 
Liqueurs,  Cordial  Wines,  Effbrvescine  Wines,  ew.,  the  Aging  ofBrandy 
tuid  the  Improvement  of  Spirits,  with  Cojiinnn  IKrcctioni  and  Tables 
for  TestinK  and  Redaciiig  Spirituous  Liquors,  etc.,  etc  Trmslated 
and  Edited  from  the  French  of  MM.  Dkplais,  Aiii£  et  Jenne.  Bt 
M.  McKbnkie  M.D.  To  which  are  added  the  I'nited  Statin  Internal 
Revenue  Re^pilatioiis  lor  the  Assessnicnt  and  Collection  of  Taxes  on 
Diatillol  Spirits.  IlluBtrated  by  fourteca  folding  platM  and  scvcml 
wood  engravings.    743  pp.,  Rvo ?10.0t) 

DUSSAUCE.— A  General  Treatise  on  the  Honufacture 
of  Every  DeBCrii>tion  of  Soap : 

CnmpriHinK  the  Chemi«try  of  the  Art,  with  Remarks  on  Aikaties,  So- 
pouifialile  Fatty  Boilies,  the  apparatus  neec^ary  in  a  Soau  Karti.rr, 
Practical  Instrnctions  in  the  manufacture  of  the  variouH  kinds  of  Snap, 
the  assay  of  Boapi,  etc.,  etc.  Edited  from  Notes  of  I.arm<<,  Fonlenelle, 
MaJapayre,  Dufbur.  and  others,  with  large  and  important  additjons  by 
Fraf.H.DraSADCB, Chemist,    llluitrated.  laDiievol.,8TO.    .    $iaoa 
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DUSSAnCE.— A  Oeneral  Treatise  on  the  Kaaufkoturo 
of  Vinegar : 
TliBuretiuul  auil  Pnclicol.  ComprUiug  tbo  Vkriou*  Mntlnnl*.  bv  tin 
Sluw  uuiJ  iliu  Uuiek  I'rweues,  villi  Aluuhot,  WiuB.Uniin  iltll,  I'lilcr, 
MiiluKHM,  tiiid  Bcm«;  M  well  u«  the  Faliriundoii  of  Wood  S'lUDgAr,  etr., 
etc.     By  Prof.  U.  DussaCI'E.     In  una  vulume,  Svo,       .         .        (.Ti.OU 

DUS8AUCE.— A  New  and  Complete  Treatise  on  tho 
Art8  of  Tanning,  Currying,  and  Leather  DreMiug: 

Comprising  nil  tha  DLs-^ov^ri.-  iin.I   lun,r..^.- no.  mmk-  III   Vnnn; 

Ureut  UnUuD,  aiid  Ibu  liulKil  -i-.i.  -       I      i.l  rmui  Ni.t.-<  nn.l   IWii- 
ments  of  Measrs.  ^len>ii,  <<i     '     : 
Payun,  Kfuf,  lie  Fuiiteiu-ll. 
SAVC'l^  ChuiuiiL     lllustraU'i  ' 

DUBSAO'CE.— APracti<jiil  Gnu 


~Mr 


Hy  i-rot.  II,  I 


II  IVi 


'IT, 


subaUlnulM  used  Iti  rcrfuuicn  .  il:-  I  iiruiiiI.L  ■■!  iji-k-  [Ii.iii  liH't  I'reliO' 
ratiuiw,  Bii«li  as  Cosmetics.  IVrimmri  .  ij^,  T.K.tl,  |'„«,I,t.,  Walvn, 
Eitntcta,  Tinctures,  lafusiuiiH,  ^jiiriu-  ViiiiU[;ri:i>,  Jwi-iillal  lUU,  Pac 
teU,  Creuna,  t^iwiw,  anrl  many  uev  iljgieaiB  I'rrHlai'U  nul  hllbeiiu 
doKribed.  Edited  rmiu  KdCfs  nnd  DtipunieuM  if  Meiwni.  Ilvliti]',  Ld- 
iKl,i!l<.'.  With  oddiiiomi by  Prof.  H.DuwiAU<:K,aiemUt.  VJmu.  M.OO 
DUSSAIJCE.— Practical  Treatise  on  the  Fabrication 
of  Matches,  Gun  Cotton,  and  FuUninating  Powders. 

By  Pr..f.  II.  inw.M-i  E.     U'mo »3JW 

Dyer  and  Color-maker's  Companion: 

ConlaininE  tipwards  of  200  Rc«ei|>U  for  maldos  Colim,  on  ihr  mMi 
■  *-■■.,      -     ...... , — -iiiJ(kl.ric.i«o«li.««l«. 

KASTOIT.— A  Practical  Treatise  on  Street  or  Hon*' 

power  Railways. 
Bt   Alexjisdeb  Eaaos,  CE.     IQxmud  by  33  fhtt*.     »r*_ 

ploib tow 

EU)EB.— Questions  of  the  I>ay : 

Eeooomi.-  »nd  .-^-tsI,     B;  Dr.  WlUljiX  Ei-I>ni.    *»».        .        (Ut 


F.kS.,  F.G!1.    BcMHUly  iDntntoi  I9  «        —  >     -       •. 

Me  mlBBC,  13BB.     ...... 

JOBSYTH.— Book  of  Deeigiw  Ite- 1 
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OIBSOIT.— The  Amerioan  Dyer: 
A  Practical  Treatise  on  the  Cnloring  of  Wool,  Cotton,  Yani  and* 
Cloth,  ill  three  p&rt9.  Piut  First  pvm  a  desariptiTe  aoconnt  of  the 
Dje  Stuffs ;  jf  of  vesetahle  urigtn,  where  produced,  how  oultiTMed, 
aai  haw  prepared  tor  use ;  if  chemital,  their  cotnpaaition,  BpeciGc 
gravities,  oad  general  adBptabiUtr,  hov  adulterated,  and  bmr  to  d»-^ 
lect  the  adultenitioiu,  etc.    Part  Second  is  devoted  To  the  Colorine  oT 

^    Wool,  eiving-  reeipes  ibr  one  handrcd  and  twantj-oine  different  colon 
or  Hhadei,  and  Is  supplied  with  sixty  colored  samplea  of  Wool.    Fa 
Third  is  devoted  to  ihe  Coloring  of  Haw  Cotton  or  Cotton  Waste,  1L_ 
mixing  with  Wool  Colors  in  the  Uaauikcture  of  all  kinds  of  FiibricLS 
gives  recipes  for  thirt;-eight  different  colors  or  shades,  and  U  supplied! 
with  tweiinr.fbar  colored  sample*  of  Cotton  Waste.    .\lso,  redpe^  tot  M 
Culorine  Be»vers,  Doeskins,  and  Flannels,  with  remarks  upon  Ani- 1 
lines,  giving  recipes  for  fifteen  different  uolors  or  shades,  and  niiM  I 
saniples  of  .\niline  Colors  that  will  stand  both  the  Fullinrand  Scour-  I 
ing  ]irooes*.    Also,  recii>eB  for  Aniline  Colors  on  Cotton  Thread,  ■   " 
repijie?  fnr  Common  Ciilors  on  Cotton  Yarns.    Embracing  in  all  oi._   _ 
two  hundred  recipes  for  Colors  and  Shades,  and  ninety-four  asm  plea  I 
of  Cotiired  Wool  and  Cotton  Waste,  etc.      By  BlCUAKD  H.  GiBSOK,   | 
Praetifiil  Dyer  and  Chemist,     lu  one  volume,  8vo.      .         ,         S12.W   ] 

GILBAHT.— History  and  FrincipleB  of  Banking : 

A  Practical  Treatise.  By  JAMK9  W.  Gilbart,  late  Manager  of  tha 
London  and  Westminster  Bank.  With  lulditions.  In  one  Tolnme, 
8vo.,  COO  pages,  sheep tiiM 

Qothio  Album  for  Cabinet  Uakers: 

Comprising  a  Collection  of  Designs  for  Gothic  Fiiruiture.  lllustmtcd 
by  Hi  large  and  beautifully  euf^ruved  plutex.    Oblong  .        .        {•t.OO 

GEANT.  —  Beet-root    Sugar    and    Cultivation    of   the 
Beet. 

By  E.  B.  Grant.    ]2nio (Ijjfi 

GBEGOBT.— Mathematics  for  Practical  Men : 

Adatjled  to  tlie  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  EiigineerB.    By  OLrnTHUS  GREGORY.    Svo.,  plales,  cloth    SS.OI 


Tatigontiaf  Distances  and  Angles,  and  all  Necewary  Table*  for 
neers  ^  also  the  art  of  LevcUing  from  Preliminarv  Survey  to  the  ion- 
struelLon  of  Railroads,  intended  Expressly  for  the  Young  Engineer, 
together  with  Numerous  Valuable  Rules  and  Eiimiples.  By  W. 
Griswolb.      12mo.,  tucks $1.75 

GBITNEB.— Studies  of  Blast  Furnace  Phenomena. 

By  M.  L.  Gruskr,  President  of  the  General  Council  of  Klineji  of 
France,  and  lately  Professor  of  Metallui^y  at  the  Ecole  dea  Mines. 
Translated,  with  the  Author's  sanction,  wilb  an  Appendix,  by  L  D  B 
Gordon,  F.B.S.E.,  r.Q.  8.    Illustrated.    Svo.      .        ,        .        $2 JO 
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aUETTIEB.-Metamc  AUoys; 
Being  a  Practic*]  Gaide  to  their  Chemical  and  Physical  Properties, 
their  PrejKirstinn,  Com  position,  lUid  I'sts.  Tnui^oled  firom  thB 
French  of  A.  Gpbttieh,  EQEineer  and  Director  of  Foundries  author 
of"  Iji  Foiidcrii;  on  France.*'  etc.,  elc.  By  A.  A.  FEj(;rET,  Cliemlst 
and  Engine.T.    In  one  volume,  13mo. *3,00 

HARRIS. — Qaa  Superinteniieiit's  Pocket  Companion. 

Bv  HAiistTfi  &  Reotiikr,  Gas  Meter  Mann  fact  nren,  lll.i  and  1117 
Cherry  Wireer,  Philadelphia.    Full  bound  Jo  iwket-boob  form    J3.00 

Hats  and  Felting: 
A  Practi™!  Trentifo  on  their  Manufiielttre.    By  a  Practieal  Batter. 

lUuBlrated  bj  Drawioga  of  Ma^liinerj-,  iie.    8vo.  .  fl.25 

HOFMANN.— A  Practical  Treatise  on  the  Manufac- 
ture of  Paper  in  all  its  Branches. 

Bt  CaRI.  noFMABS.    Late  Sujieriatendent  of  paper  niilU  in  Ger- 
"'  -'  '  of  the  Public  l^eOT 


HUCrHES.— American  Miller  and  Millwright's  Assist- 
ant. 

BtW.«.  Carter  niGnF,s.   A  new  edition.   In  one  vol.,  12ino.  S1.50 

HTJHaT.— A  Hand-Book  for  Architectural  Surreyora 
and  otheira  engaged  In  Building : 

Containing  Formulr  useful  in  Desii-nin^  Builder"*  work,  Tuhle  of 
VTcighta,  of  the  materiuls  used  in  Balldine,  Uemnranda  conneeled 
wilh  Biiilders'^ark.Menniralian,  the  Practice  of  Builders'  Measure- 
mviit,  CfjntmctB  of  Labor,  Valnation  of  Propertj,  Summary  of  the 
Pnictice  in  Dilapidation,  ele.,  elc.  By  J.  F.  HuKST,  C.  E.  Second 
edition,  jioeliel-booti  form,  full  tiound     .....       $3.50 

JEEV18.— Railway  Property : 


of  thii  class  of  property;  as  well  as  Railway  Managers,  Officers,  and 
AscliU.  By  Jons  B,  Jkrvih,  lute  Giief  Engineer  of  the  UudBoa 
River  Oailroad,  Croton  Aqueduct,  ele.    In  one  vol.,  llhno.,  elulh  $2.00 


By  J.  F.  W.  JonssTOS. 
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SEEKE.— A  Hand-Book  of  Practical  Oauging: 

For  the  Use  of  BeKiiiiiere,  lo  vhidh  is  added,  A  Chapter  on  DurtiUn- 
tion,  dearribing  tliH  prouesa  in  ojientinn  ut  tbc  CosUim  Hudbg  fnr 
Bacerlaining  (be  Mrenph  of  wiuGs.  By  James  B.  Kkekk,  cf  H.  M. 
Custmns.     8vo. H.2S 

KELLET.— Speeches,  Addresses,  and  I>etters  on  In- 
dustrial and  Financial  Questions. 
rtv  Hon.  William  D.  Kelley,  M.  L'.    In  one  volume,  54*  psiRs, 
Sivo |!S.OO 

KENTISH.— A  Treatise  on  a  Box  of  Inatrumenta, 

And  thu  Slide  Rule ;  witli  tbc  Theor>-  of  Trif^nometr}-  and  Lo^ 
ritUm§,  includine  Praclieal  Ucunietrv,  SurTfj-iug,  MeSBUriug  of  Tiin- 
ber,  Cask  and  Malt  Gaiigiu^,  IleighU,  and  Dialancea.  Bj  ThOmar 
KasTlitB.    la  one  Toluiue.    I2[na (l.:2u 

EOBELIi.—EBin.— Mineralogy  Simplified: 
A  short  Method  of  Determining  and  Classify injg  Minerals,  by  means 
of  Himpte  Chemical  Experimentit  in  the  Wet  War.  Trandated  fironi 
the  lost  German  Hklition  of  F.  VoN  KoBSLl^  with  an  iDlrodnctioa  b 


Lite  iiLst  uerman  rxuiton  oi  r .  >  u»  huii&i.j>,  wiLn  an  xnirouncuoa  lo 
Blow.pipe  Analysis  and  other  additions.  By  fiSKBl  Ebm,  M.  D., 
Inte  I'hief  Cheimst,  DvpartiDent  of  Agriculture,  author  of  "  Coal  Oil 
ami  Petroleum."     In  one  volume,  lamo S2£(t 


LAITDBIH .— A  Treatise  on  Steel : 


:.,mprisii 
ind  Use. 


K  lui    iiic.ji  V,  Metallurgy,  Propertiea,  Prsetical  Workinf, 
By  U.  Ji.  C.  Landrin,  Jr.,  Civil  Engineer.    IVanslatMl 


from  tiie  French,  wi^  Notes,  hv  A.  A.  Pemiuet,  Chemist  and  Engi- 
neer. With  an  Appendix  on  the  Bewtcmer  and  the  Martin  Pioobbbm  i 
for  Manutiu^luring  Steel,  from  the  Report  of  Abram  B.  Iletritl,  United  , 
"'""  "   ~ '" ''e  CniTersalEiposilion.Parifl,  IBlir.    Id  one 


IiABEII?.— The  Practical  Brass  and  Iron  Founder's 
Quide: 

A  CoUL-JBU  Treatise  on  Brass  Founding,  Moulding,  the  Metals  and  their 
Alloys,  etc. :  to  which  are  added  Recent  Impmvementa  in  the  UotlD- 
fiieture  of  Iron,  Sleel  by  the  Bessemer  Process,  etc.,  etc.  By  JaHSS  ! 
Labkik,  late  Conductor  of  the  Brass  Foundry  Departrnxnt  in  Reany, 
Neofie  4  Go's.  Penn  Works.  Philadelphia.  Fifth  edition,  reviawa, 
with  Extensive  additions.    In  oue  volume,  ISmo.  .        .        fSJS 

IiEAVITT.— Pacts  about  Peat  as  an  Article  of  Fuel : 
Witli  Remarks  upon  its  Origin  and  Compuaition,  the  Locnlitie*  in 
which  it  is  fnnnd,  the  Methods  of  Preparation  and  Manufacture,  and 
the  various  Uses  to  which  it  is  applicable ;  together  with  many  oilier 
matters  of  Practical  and  Scientific  Interest.  To  which  is  added  a  cbai>- 
teron  the  Utilization  ofCoal  Dust  with  Peat  for  the  Production  of  an 
Excellent  Fuel  at  Moderate  Cost,  specially  adapted  for  Steam  Servioe. 
By  T.  H.  LBATriT.    Third  edition.    12mo.  .       .        .        f  US 
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Comprising  Practical  MechaoicB,  wilh  Rules  and  Caloalations  ii|iplied 
to  ijpianing;  Porting,  Clviiniiig,  and  Sf  During  Wnola  ;  the  KtigJUh 
and  French  luethuda  oC  CumLing,  DrawiiiK,  aud  Spinning  Wumtcdii 
and  ManufsotarlUK  Carded  Y'nrns.  Tntnukted  {mia  the  French  of 
CuAKLBa  Lkkovx,  UeehBiiical  ICnginver,  and  Superintendent  of  n 
Spiuniug  Mill,  by  Hobatio  Paine,  II.  D.,  »nd  A.  A.  FKsgiigT, 
diemlsi  and  Encineer.  Illustrated  hy  13  large  Plato.  To  which  ii 
adiivd  an  Appendix,  containing  extracts  from  the  Keporls  of  tlie  Inl«f 
natjonat  Jur^,  andof  theArtisaOBHelected  by  the  Committee  appointed 

S'   ■  the  Couucil  of  the  Society  of  Arta,  London,  on  Woollen  and  Wonted 
iichinery  and  Fabrics,  ax  exhibited  in  the  Puris  UnirerHil  £ipiiai- 
tion,  1867.    8vo.,  cloth «5.0a 

LESLIE  (Mlse).— Completa  Cookery: 

Directions  for  Cookery  in  itn  Various  lirancbes.    By  Miss  Lexltb. 


LESLIE  I  Miss). - 


LESLIE  (Missi.— Two  Hundred  Beceipts  in  Prenoh 
Cookery. 

Cloth,  12mu. 

LIEBEB.— Assayer'B  Quide: 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Bmelters,  for  Ihs 
Teats  and  Xanavs,  by  lliiot  and  by  Wet  Proceases,  for  the  Orea  of  alt 
the  principal  Jletak,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etu.    By  OscAB  U.  LiKliER.    limo.,  cloth.  ,        .        fl.25 

LOTH.— The  Fraotioal  Stair  Builder : 

A  Complete  Treatise  on  the  Art  of  Bidlding  Stairs  and  Ilnml-ICnils, 
Designol  for  CjirnenU-rs,  BuUdera,  tind  K lair- Bui Wi-ni.  illiisirJlcd 
with  Thirty  Original  Plnies.  By  C.  Edward  LoTIi,  Profess iniial 
Stair. Builder.     One  large  ilo.  volume *10,00 

LOVE.— The  Art  of  Djreing,  Cleaning,  Scourine,  and 
FiniBhing,  on  the  Host  Approved  English  and 
French  Methods: 

Beinj;  Practieal  Instruelioiis  in  Dvcing  Silks,  Woollens,  end  Cottons, 
Feiilhers,  Chips,  Straw,  etc.  Seon'ring  and  Cleaning  Bel  and  Window 
Cnrluins,  Carpets,  Rugs,  etc.  French  and  English  Cleaning,  any 
-  Color  or  Fabric  of  Silk,  Satin,  or  Daniatk.  Bv  Thovas  Uirs,  a 
Working  Dyer  and  Scourer.  Second  American  I^dition.  to  which  are 
added  Oeaerel  Instructions  for  the  Use  of  Aniline  Colors.  In  on« 
Tolnme,  Svo.,  343  pagea. |5iK) 
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HAIN  and  BBOWN.—QueBtians   on   Sutyecta   Coii< 
□eotod  with  the  Uarine  Steam-Englce : 

And  EnLminadoD  Papera:  with  Ilints  for  their  Solution.  Rt  THOMAS 
J.  MiiN,  Profeaaor  of  Mathi-maticat,  Roynl  Nnval  CoIltgB,  m3  TbomaS 
BboWN,  Chief  Engineer,  R.N.     12uio.,  olotli.        .         .         .         JI.SO 

MAIIT  and  BBOWN.— The    Indicator   and   Dynamo- 

Wilh  Ili<-ir  Pmclical  Applieatioiie  In  tlie  Slenm-En^iie.  B;  Tboma!) 
J.  llAi.N,  M.A.F,  R.,  AaaistaQt  FrufusBor  Royal  Nht«1  College,  Porta- 
moulh,  and  TnoMAB  Bbown,  Assoc.  Inst.  V.  £.,  (Jhief  Engiucer,  R, 
S..  altached  to  the  Royal  NarHl  College.  Illostratud.  From  th« 
Fomth  Londdn  Edition.    8yo $1.50 

VLAJS  and  BBOWN.— The  Marine  Steam-Engine. 
By  Thomas  J.  Maim.  F.  R.  ;  Assistant  S.  Ktutheoiatical  Pmressor  U 
the  Rnyal  Naval  College,  Portamouth,  and.TuoMAH  Rbdwk,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  R.  N.  Attached  to  [he  Royal  Naval  Col- 
iviSe.  .\utbom  of  "  Questions  connected  nith  the  Murine  Stcam-En- 
'' e  "  Indimturand  Dynamometer."    With  numurous  III u»- 


I 


Ino 


15.00  ' 


UABTIK.— Sorew-Cntting  Tables,  for  the  Use  of  He- 
ohanloal  Engineers: 


Tersal  Gaa-Pipe  Thread  and  Taps.    By  W.  A.  Mabtis,  Englnnr. 


Uechanics'  (Amateur)  Workshop; 


«3.U0 

MOLESWORTH.— Poeket-Book  of  UBefiil  FormulBD 
and  Memoranda  for  Civil  and  Mechanical  Engir 
neere. 
By  GciLFORD  L.  MoLESWORTH,  Member  of  the  Inatitution  df  Civil 
Engineers,  Chief  Resident  Enp^oeer  of  the  Ceylon  Ruilway.  Siiooiid 
AiiiiTican,  from  the  Tenth  Loudon  Editioti.  In  one  volume,  full 
bound  in  jiocket-biKik  Ibrm 92.00 

NAPIEH.— A  System  of  ChomiBtry  Applied  to  Dyeing. 
By  .Ta.mes  Napter,  F.  C.  9.  A  New  and  Thoronghly  Revised  Edi. 
tion.  Cuinpleliily  hroiight  up  to  the  preiicnt  stale  of  the  Soii-aoe.iaolu- 
dinu  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  FEBQrET,  Chemist 
and  Engioeer.  With  an  Appendix  on  Djemif  and  Calico  Printiug,  u  ' 
shown  at  the  Universal  Exposition,  Paris,  18^7.  IlluMmted.  bi  on* 
rolume,  Svo.,  4^2  pages ,       l&W    I 
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NAPIER.— Manual  of  Electro -Metallurgy : 
Incluiline  the  Appliuatiuo  uf  ihe  Art  In  Man u&clu ring  Prowssep.   Bj 
James  Napier.    Founli  Ammcun,  rrum  ihi:  Fnanli  Loniloa  edition, 
revised  and  eiilHt)^.  Illuslrulvdliy  enijraviaga.  luduevoL.livo.  $2.00 

NABON.— Table  of  Beactions  for  Qualitative  Chemical 
Analysis. 

I!v  He.skv  It.  NasoS,  Professiir  of  Chemislrv  in  Ihe  Eensselaer  Pdy- 
teihuic  Instilult,  Tny,  Sevr  York,     Illuatraied  by  Colors.        .        63 

NEWBEBY.— Gleanings  from  Ornamental  Art  of 
every  style ; 
I>nwn  frum  Examplea  in  the  British,  South  Kenrin^n,  Iciliau, 
<.'rysta1PalBce,  and  other  Museumi,  the  Exhibitions  of  Ib51  uuilS((2 
und  Ihe  best  Engliib  end  Fureigii  works.  In  a  serieH  of  one  hundred 
exquieilelv  drawn  Plat™,  contuiuing  mmiy  hundred  eisniplea.  By 
ROBEBT   NeWBEBY.     4lo *15.00 

NICHOLSON.— A  Manual  of  the  Art  of  Bookbinding: 

Contiuning  fall  instructions  in  lUf  diRerent  Branchn  of  Fonmnling, 
Gilding,  and  Finishing.  Also,  the  Art  of  Marbling  Book-edues  and 
Paper.    By  J AJiBS  B.  Nicholson.    Illnstmted.    l-.1no.,dutti.  $3.25 

NICHOLSON.— The  Carpenter's  New  Ouide: 
A  Complete  Book  of  Linea  for  C.irpentera  and  Joiners.  By  Peter 
NicHOlflos.  The  wbole  carefully  nnd  thoroughly  revised  by  II.  K. 
DaTIs,  and  containing  numerous  Dew  and  improved  and  original  De- 
aigns  for  Roofs,  Domes,  ele.  By  SaMCEL  Bloan,  Arcliilect.  Illns- 
irnted  by  80  plates,     llo *1.50 

NOBBIS.— A  Hand-book  for   Locomotive   Engineers 
and  Hacbinists: 

Coniprining  the  Proportions  and  Calculation!  for  Construetlng  Loco- 
motives; Manner  ofSetline  Valves;  Tables  of  Squares  C^bes,  Amu, 
ete..  rte.  By  SRPTlMfs  Norhik,  Civil  and  Mechanical  Engineer. 
Nexr  edition.     Illuatniled.     U'mo.,  cloth $3.00 

NTSTEOM.— On    Technological    Education,   and   the 
CouBtruction  of  Ships  and  Screw  Propellers : 
For  Snviil  nnd  Marine  Encineem.    Bv  John  W.  NtfiTKOM.  hue  Act- 
ing Chief  Kncineer,  C.  S.  X.    Second' erlitioo,  revised  with  additinoul 
matter.     Illuslnited  hy  seven  eugravings.     li!mo.  .         .         $1.50 

O'NEILL.— A  Dictionary  of  Dyeing  and  Calico  Print- 
ing: 
Containing  a  brief  aceonnt  of  all  the  Substances  and  Processes  in  tue 
in  the  Art  of  r^eing  and  Printing  Teitile  Fabrics;  with  Practical 
Receipts  and  Scientific  InformatioD.  Bv  Cuarles  0'NBII.L,  Ana- 
lytical  Chemist ;  Fellow  of  the  Chemical  Society  of  London  ;  Member 
of  the  Litemrv  and  Philosophical  Societv  ■  f  Manchester ;  Author  of 
•'  Cheniiatrv  of  Calico  Printing  and  l>yeiug."  To  which  is  adileil  an 
Essar  on  C^oal  Tar  Colors  and  their  application  to  Pyeinc  and  Calien 
Printing.  By  A.  A.  FEBQt'ET,  Chemiat  and  Engineer.  Wilh  an  Ap- 
^ndiion  Dyeing  and  Calico  Printing,  as  shuWD  at  the  Univeraa] 
Eipoaition,  Fans,  1867.    In  on*  Tolnme,  Svo.,  4S1  pagea.     .       (6.00 


16  UENRY  CAREY  BAIKD'S  CATAlOGUE. 

OETON.— Undergromid  Treasures : 
How  anil  Where  to  Find  Them.    A  Kej  for  the  Readv  DetcrmmBtioii 
nt  ull  ihe  llaeful  Minemts  witliiu  the  United  Stales.      By  Jam» 
Obtos,  a.  M.    Illustrated,  12mo *1J0 

OSBORK.— American  Uines  and  Mining; 

ThGorctieallj'  and  Pniolically  Cougidered.  Bj-  Pn>f.  11.  S.  OSBORX. 
lilustraled  liv  numerous  eiigrayintp.     8to.     (In  prrparalion.t 

OSBOBH.— The  Metallurgy  of  Iron  and  Steel : 

Theoretiial  niid  Practical  in  all  its  Branches;  with  Bprtial  referenc* 
to  Amarioan  UalerialH  and  Procesaea.  Br  U.  ».  Osduku,  LL.  D., 
Prufesiior  of  Uininx  and  Metallurgy  in  Lafayette  Cnllege,  Easton, 
Penntrrlvaiiia.  Illustrated  by  numerous  large  folding  pUtei  and 
wood'cngravings.    8ti>.  .......        $16.00 

OVEHMAN.— The  Manufacture  of  Steel: 

Containing  the  Pnicliceaiid  Princii-lca  of  WorkingBnd  Making  StMl. 
A  Hflndli«.,k  for  Blai'tsyuthi  arjd  Workers  in  Slael  and  Iron,  Wagon 
Maken,  Die  Sinkers,  Cutlers,  and  Manulilcturcra  of  Files  and  Hard- 
ware, of  Steel  and  Iron,  and  fur  Men  of  Scieuoe  HOd  Art.  By  i'BMO- 
ERICE  OVBBMAS,  Mining  Engineer^  Author  of  the  "  Mannlaclilre  of 
Iron,"«tc.  Anew, enlargml, and revued Edition.  BjrA.A.  FBaarKT, 
Cheiniat  and  Engioeer. ■       4>1>30 

OVERMAN.— The    Moulder  and    Pounder's    Pocket 
Guide : 

A  Treatise  on  Moulding  ami  Founding  in  Green-MUid,  Dry-sftnd^.oani. 
and  Cement;  the  Moulding  of  Machine  Frames,  Mill-^ear,  HoUot- 
waru,  Oraamenttt,  Trinkets,  Bulls,  and  Statues;  Desuription  of  Maulils 
for  Iron,  Bronze,  Brass,  and  other  Metals;  Plaster  of  Paris,  Sulphtu-, 
Wax,  and  other  articluB  communljr  used  in  CsstinSi'  tlie  Ctmstniction 
of  Melting  Fumaoca,  the  Jlelting  and  Founding  of  Melals ;  the  Com- 
position of  Alloys  and  their  Natnre.  With  an  Appendix  containing 
Receipts  for  AlloyB,  Bronze,  Varnishes  snd  Colors  for  Castings ;  alao. 
Tables  on  the  Strength  and  other  quatitiea  of  Cast  Metals.  Bv  FsRD- 
BiiiCE  Overman,  Mining  Engineer,  Author  of  "The  Man'ulhoiure 
of  Iron."    With  42  lUustrations.    12ma $1,60 

Painter,  Qilder,  and  Tamisher's  Companion ; 

Coutaining  Rules  and  Regulations  in  everything  relating  to  the  ArU 
of  Painting,  (iilding,  Vnrnishin):,  Gla-iB-Staininc,  Oraining,  Marhlin^, 
Sign-Writing,  Qiidiui  on  Glass,  and  Coach  Painting  and  Varnishinjt ; 
Tests  fur  the  Detection  of  Adulterations  in  Oils,  Colors,  etc. ;  ana  a 
Statement  of  the  Diseases  to  which  Pninlcrsare  ueouliarlr  liable,  with 
the  Simplest  and  Best  Remedies.  Sixteenth  Edition.  Revised,  vldi 
an  Appendix.  Containing  Colors  and  Coloring— Thcorclicd  and 
Practical.  Comprising  deseriptinns  of  a  great  variety  of  AdditioD«l . 
Figments,  their  Qualities  and  Uses,  to  which  are  added,  Drrers,  and 
Modes  and  Operations  of  Paining,  etc.  Together  with  Clievrtmt'a 
Principli'i  nf  Harmonf  and  Contrast  of  Colors.    ISmo.,  cloth.      tI.U 


School  of  M...  ,  ..     .. 

[hr  ituyal  Artiller7  luMitaCion,  Woolvith;  Author  of"  MeUllur^." 
With  III  nitrations.   Sto.,  paper. 50  eta. 
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FALLETT.— Tbe  Miller's.  Millwright's,  and  Engineer's 

By  HeSbV  PaLlett.     Illuslrated.     !n  one  volume,  l^mo.         $3.00 

PEECt.— The  Manufacture  of  Bussiau  Sheet-Iron. 
Bv  John  Pebct,  M.D.,  F.R.3.,  Lecturer  on  Uelullurer  at  tlie  I^irU 

" ■    o  The  .tdvnnced  Claas  of  Artillery  Offiwrs  at 

'  Meli 

— Oaa  and  Tentilatioa. 
Pnietical  Treatise  on  Gaa  aod  VentiUtion.    With  Bperial  Eelstion  W 
llhiiaiuatiug,   HmtiDg,  and  Cooking  bj  Gaa.     lacluding  Scieutifia 
Help  to  f:ugin«;r-8lmicnts  bdJ  otheni.     With  lUustnited  Diagrums. 
By  E.  E.  Pebkins.   12mo.,  eloth #1.25 

PEBKINS  and  8TOWE.— A  New  Guide  to  the  Sheet- 
iron  and  Boiler  Plate  BoUer : 
CoDtAiDitig  u  Series  of  Tables  showing  the  Weight  of  Slabs  and  Pile* 
to  produce  Boiler  Plates;  and  of  the  Weight  of  Pile*  and  the  Sliws  of 
Ban  to  produce  Sheet-irou ;  the  Tbichneaii  of  the  Bar  Gauee  in 
dedinals;  the  Weifjbt  per  foot,  and  the  Thicknesann  the  Bur  or  Win) 
Oanee  of  the  fractional  parte  of  an  inch  ;  the  Weight  per  sheet,  and 
the  ThLekness  on  the  Wire  Gouge  of  Sheet-iron  of  Torioue  dimcngiuna 
lo  weigh  H3  lbs.  per  bundle ;  and  the  convereion  of  Short  Weight 
into  Long  Weight,  and  Lonj'  Weight  into  Short.  Eaiiuiutvd  and  col- 
lected by  Q.  U.  PEBEIKS  and  J.  G.  IJTOWE (2.50 

PHUiIiIFS  and  DAmirNGTON.— Beoords  of  Mining 
and  Metallurgy; 
Or  Facta  and  Memoranda  for  the  nse  of  the  Mine  A^cnt  and  Smelter. 
Br  J.  AUTHL-R  Phillips,  Mining  Engineer.  Gradiiate  of  the  linjierial 
School  of  Mines.  France,  etc.,  and  John  Dablikotok.  Illustrated 
by  numerous  cngraTiiifc-s.     In  one  volume,  ISnio.  .        .        S2.00 

PROTEAUX.— Practical  Guide  for  the  Manufacture 
of  Paper  and  Boards. 

By  A.  Pbiite.mx,  Civil  Engineer,  and  Gradoate  of  the  School  of  Art* 
and  Manuraclures,  and  Director  of  Thien'  Paper  Mill,  Huy-de-DOme. 
With  additiouB,hvL,  S.  Lb  Nohmand.  TranalalM  from  the  French, 
with  Notes,  bv  Horatio  Paine,  A.  B.,  M.  D.  To  which  is  added  a 
Chapter  on  the  Manufacture  of  Paper  from  Wood  in  the  United 
States,  by  Hbhtit  T.  Brows,  of  the  "  American  Artisan."  Illus- 
trated bv  nil  plates,  containing  Drawings  of  Raw  Materials,  Mnchi- 

~"'       lofPa— -'""-     ---      ---         "--■  A.ncn 


nerf,  Plans  of Papcr-Milln,  c 


$10.00 


EEQWAULT.— Elements  of  Chemistry. 
By  H.  V,  REr.sAl-l.T.  Translated  from  the  French  by  T.  FoRKBOT 
Bbttos,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Refiner  U.  8.  Mint,  und  Wx.  L.  Fabeb,  MeUllurgiat  and  Mining 
Engineer.  IlluHtrated  by  nenrly  700  wood  engravings.  Comprising 
nearly  ISOO  pa^^    Id  two  volnmoB,  Svo.,  doth.    .       .        .       SJM 


BEID.— A  Practical  Treatise  on  the  Masofocture  of 
Portland  Cement: 
Sy  Henry  Reid,  C.  E.    To  whioh  u  added  it  Traiulation  of  U.  A. 

Li|H)\Tit>'s  Work,  drscribing  a  New  Melfio^  niloiitcd  iu  GemuuT  fnr 
MunufHOturing  Ihat  Cement,  bj  W.  F.  ILEID.     llluitrated  bjt  ptalc' 

and  wood  eQ^raviiigs^     8td.      .,,,..»         $11>Ni 

BIPPAULT,  VERGNATJD,  and  TOU8SAINT.-A 
Practical  Treatiee  on  me  Uanufacture  of  Var- 
nishes. 

Bv  MM.  RtVFACLT,  VEBGNiVTi.  Had  Toi'sS.tlKT,  Reviseil  «B'l 
K.'liu-d  by  M.  I\  ^Iai.kpf.vre and  Dr.  Emij,  Wjsckleb.    lUiuinti.'d. 

Iji  ono  volume,  »vu.    {In  preparaiu>n.l 

BIPPAULT,  VEBGITAUD,  and  TOTJSSAIlfT.— A 
Practical  Treatise  on  the  Manufacture  of  Colors 
for  Painting: 

Containiug  the  best  Fornlulic  Bnd  the  Processes  tht^  >fcwesl  aD'!  in 
mosKifitieral  Use.  Bv  M  M.  RiFF.\|-i,T,  Vehcs.icd.  and  T<>t:H6AiST. 
Ilcvised  and  E.liled  dy  M.  F.  M.\i,epkvrk  aud  Dr.  EMii-  Wisiklkk. 
Tranalat«d  fruni  (he  French  by  A.  A.  FKHtUET,  ChemUt  uiil  Kniri- 
n«er.    lllastraled  by  f^ngmvings.    In  onu  volniue,  060  po^es.  Svii. 

BOBmBON.— Explosions  of  Steam  Boilers: 

How  llier  are  Cause<!,  ai"i  h.»v  ihcv  inav  be  Prevented.  By  J.  R. 
ROBlNstiVi,  t;teani  Engineer.    VIiuo.       .  '     .        .        .        .        fi.'^ 

BOFBB.— A  Catechism  of  High  Pressure  or  Kon> 
Condensing  Steam-Bngincs : 

Including  the  Muddling,  ConBtriieting,  Running,  and  Haua^mcnt 
of  Steam  Engines  anil  Steam  Boilern.  Willi  lUustnitioos.  By 
Stefssn  Ropeb,  Engineer.    Full  bound  (uctcs    .        .        .        t2.w 

BOSELBUB.— Qalvanoplastic  Manipulations: 


BosBLEUR,  Chemist,  Professor  of  the  Gslvaiioiilastip  Ad,  Manuiiu-iu- 
rer  of  Chemicals,  Gold  and  Silver  Elect ni-plal«r.  By  A.  A.  FB>i<ii:ffr, 
Chemut  and  Engineer.  Illustrated  by  over  127  Engravings  on  wood. 
8vo.,  495  pagM W.on 

'hit  TrentUfdIhr  full  ----- 

:nlht  United  Stalei. 

8CHINZ.~Bes6archGB  on  the  Action  of  the  Blast 
Furnace. 
Bv  Chable-b  Sriil.vz.  Trnoslatcd  from  the  Gcnnan  with  Ibc  special 
)>ermiHsiiin  of  the  Ailtlinr  by  WILLIAM  H.  MaiV  and  MOBITZ  Ml'L- 
LBB.  With  an  Apjiendii  written  by  the  Author  eipres»ly  for  lliis 
edition.  Htostrated  by  eeven  platea,  eontaintug  38  figures.  In  one 
Tolume,  I2IQII. M.3S 
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SHAW.— Civil  Ajroliitecture : 

Being  a  Complete  Theoretical  luii)  Prsctiuitl  Syitem  of  BaiUing,  coo- 
tuning  the  FnindamentBl  Principle!  of  Ihc  Art.  Bj  Edwasd  Shaw, 
Arebitect.  To  which  is  added  a  Treatise  on  OothJc  ArehitHitore,  eic. 
Bv  Thokas  W.  Silloway  and  tinoKOi!  M.  Uardiko,  Anihiic 
The  ffholu  illmtraled  ■'■■■-■■- 
engraved  on  copper. 

SHITNK.— A  PracticEil   Treatise    on   Bailway  Curves 
and  Location,  for  TouQg  UngineerB. 

BjWiUJAiiF.SnrsK,  Civil  Engineer.     12ino,         .        .       S2.00 

SIiOAIT.— Amerioan  Hooses: 

A  variety  of  Original  Designs  f'lr  Itural  BuildingB.  IIlnBtrated  by  26 
ooloKd  Engravings,  with  D<«Tiptive  References.  Bx8AllL-l;t.SLOA!c, 
Architect.aulliorofthe"  Model  Arthiteot."  etc., etc.    8to.  fti.SO 

SICEATON.— Builder's  Pocket  Compsoion: 

ContaiuinK  the  Elements  of  Bailding,  Surveying,  and  Architeotnre ; 
with  Practical  Kules  anil  Instructiona  eonnEvtvil  with  the  au^eet, 
By  A.  C.  SuEAToN,CiTil  Enginfar.etc    In  one  volnmv,  12ma.    fl.30 

SHZTH.— A  Manual  of  Political  Economy. 

By  E.  Pesbise  Smith.  A  ucw  Ediiiou,  to  vrhich  is  added  ft  fiiU 
Index.    12mo.,  doth (1.25 

SMITH.— Parka  and  Pleasure  Qroanda: 


Garden  Architect,  etc.,  etc.    12mo (2.36 

SMITH.— The  Dyer's  Instructor; 
Comprising  Pmctical  InBtructions  in  the  Art  of  Dyeing  Bilk,  Cotton, 
Wool,  and  Woniled,  and  Woollen  Goods:  eontainiuR  nearly  SOO 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  luid 
the  Printing  of  Silk  Warps,  Skeius,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  luoh  work. 
By  David  Smith,  Pattern  Dyer,    12nio.,  cloth.    .        .        .       W.OO 

SMITH.— The  Practioal  Dyer'a  Guide: 

ComnriSLDg  Practical  InHtrnctinna  in  the  I>vcini{  of  Shot  Cobourgs, 
Silk  Striped  Orleana,  Colored  Orleans  rroni  B1ii«&  Warns  Ditto  from 
White  Warps.  Colored  Coboui^  from  White  Warps,  Mennos,  Yama, 
Woollen  Cloths,  etc.  Containing  nearly  300  Receipts,  to  most  of  which 
n  Dyed  Pattern  is  annexed.  Also,  A  Treatise  on  the  Art  of  lading. 
By  David  Smith.    In  one  volnme,  Bvo.    Price.         .        ,       J25.00 

8TEWABT.— The  American  System. 
Speeches  on  theTariffQiieatton,  andon  Internal  Improvementa,  prioci- 
mllv  delivered  in  the  ITniiw  of  ReprrsenlatiTes  of  the  United  States. 
By  Andrew  Stewart,  lute  II.  C.  fnnn  Penn-ylvania.  With  a  Portrait, 
and  a  Biographical  Sketch.    In  one  volume,  Hvo.,  407  pages.      t-t.Oa 


STOKBS.— Cabinet-maJcer's   aad   Upholsterer's   Coin- 
panion: 

Caniprlsiii){  the  Rudiments  and  Principles  of  Cabinet-makuig  and  t^ 
botslQiy,  with  Familiar  liutrui^tions,  iUustmtod  by  Exiunplea  Ibr 
attoioing  a  Proficipnc}-  in  the  Art  of  Drawing,  as  applicable  to  Cabi- 
net-ivorE;  (be  Processes  of  Vvnccriiig,  Inlarmg,  anaBuhl-woi-k  ;  (be 
Art  of  DfeiD^  and  Sttumng  Wond,  Bone,  Tortoise  Sliell,  etc.  Direc- 
tions for  Lackerine,  Japanaing,  ami  Vamiahing;  to  make  Frnxji 
Paiisli;  to  prepare  Uie  Best  Glues,  Cements,  and  CompoaitionB,  and  a 
number  of  Keceipts  partioularlr  useful  for  worltmcn  geaemlly.  Bv 
J.Stokes.    In  one  volume,  12mo.    Witb  lllustralioos.        .        81  jS 

Streosth  and  other  Properties  of  Metals: 

Beports 


Beports  of  Kipprimcnts  on  tbcStrcngth  and  other  Properties  of  Uetolt 

'    "  With    "       -     .    - 


Btl  

•e  Department  U.  8.  Army.    By  nuthoritv  of  the  Secretary  ofWar. 
Illustrat^i  by  25  large  steel  plat«s.    In  one  volume,  4ta.     .       810JX) 

STTLLIVAir.— JProteotion  to  ITative  ludoBtry. 

By  Sir  Edward  Sitli-IVAN,  Baronet,  author  of  "  Ten  Chapter*  on 


d  Reforms."    In  one  toK 


Tables  Showing  the  Weight  of  Boimd,  Square,  and 
Flat  Bar  Iron,  Steel,  eto.. 

By  Measurement.     Cloth .         .         fl! 

TAYLOR.— StatlstiOB  of  Coal: 

Including  Miuertl  Bitumiuous  Substances  employed  in  Arts  and 
Mano&clures;  with  their  Gengrapbical,  Geological,  and  Commercial 
Distribution  and  Amount  of  Production  and  Consumption  oit  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Mann- 
fecture.  By  B.  C.  Tayi/)R.  Second  edition,  revised  by  S.  8,  Rax- 
DiCM.Ui.  lllnslrated  by  6vc  Mops  aud  many  wood  engiavings.  8to., 
pIi.iU *10.00 

TEMPLETON.— The  Practical  Examinator  on  Steam 
and  the  Steam-Engine : 

Willi  Inslruclivs  rit'fi'n'iiCL'3  relative  Ihtreto,  arrangcil  for  the  Use  of 
Enginet^rs,  StudcuW,  uud  others.  By  W.M.  Temh-ETOH,  Eugine«r. 
13nm J1J5 


THOMaOK".— Freight  Charges  Calculator. 
By  .\KnREW  TnoMBON,  FreigEit  Agent,    ilmo.    . 


'"^5i> 
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Turner'!  (The)  Companion: 

ConUiDlng  ImtructiotiB  in  Conccottic,  EUiptie,  and  Eccentric  Turn- 
iuK ;  also  variooB  Flalea  nf  Cbucka,  Tools,  and  liiBtnmieiits ;  and  Di- 
rectiuDS  far  uiin^  tha  Eccentrio  Cutler,  Drill,  Vertical  Catler,  and 
Circular  Itest ;  ■with  Tutterns  tiud  InBtruclions  for  working  thum.  A 
nc\r  edition  in  one  volume,  12ino.  fl.SO 

UBBIIf.— BBULL.— A  Praotiool  Guide  for  Puddling 
Iron  and  Steel. 

By  V.D.  UiiBiy,  Eagincer  of  Aria  and  Manufflctures.  A  Priw  Essay 
read  befonj  tlio  AsaociiLlioo  of  Eneinuurs,  (iradiute  of  tho  School  of 
Uiocs,  of  Ijegc,  Belgium,  M  thu  Meeting  of  1  S6.>-e.  To  which  ia  added 
A  COMPAKISONOF  TUB  ItESlSTlSO  Pbopbbties  ofIbos  ASD  STEBL. 
By  A.  BnuLL.  Translated  from  the  French  by  A.  A.  Fesquet,  Che- 
miat  and  Engineer.    In  one  rulume,  Svo 1^1.01) 

VAIIiE.— OalraniBed  Iron  Cornice- Worker's  Manual; 


of  WtightB,  Areas  and  Cireurofcreoces  of  Circles,  luid  other  Matlct 
calculated  to  Benefit  the  Trade.  Bv  Csakles  A.  VaILB,  Supenu- 
tendcDt  "Richmond  Cornice  Worksj"  Richmond,  ludianit.  Illuslra- 
ted  bj  21  Plates.    In  one  Tolumu,  4to 15.00 

TIIiIiS.— The  School  of  Chemical  Uantires : 

Or,  Elementary  Priiici|j|es  in  tho  l.%H  of  Ferllliring  AgenW.  From  ihe 
French  of  M.  LIeobgb  Ville,  bj  A.  A.  FEsarET,  Chemist  and  Engi- 
neer,    With  Illnstrutions.     la  one  volnuie,  12  mo,         .         .        fl.-JS 

VOGDES.— The  Arohiteot'B  and  Builder's  FoclEet  Com- 
panion and  Price  Book: 

Consisting  of  a  Short  but  Coiniireliensive  Epitoiuc  of  Decimals,  Duo- 
decimnU  Geometry  and  llenauration  ;  Willi  Tables  of  U.  S.  Mcuiurei., 
Siiea,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Sloue,  and  variiius 
other  Materials,  QuanUCiea  of  Materials  in  Given  Siie«,  and  Diraen- 
'    t  of  Wood,  Brick,  and  Btone;  wid  a  fiiU  and  cuupleb    "'"     " 

and  Bni 
Frank  W.Voi 

hoolt  fr)rui «.w 

Bound  in  cloth 1.5(1 

WARN.— The  Sheet-Metal  Worker'B  Inatructor: 
For  Zinc,  Sheet-Iron,  Copiwr,  and  Tin-Plate  Workers,  etc.  Contain- 
ing; a  selection  of  GeouieCrical  Problema ;  also,  Practical  and  Slmpli; 
Rules  for  describing  the  Tarious  Patterns  requin^  in  the  differeui 
bnmches  of  the  above  Trades.  By  Becbbs  H.  Wabk,  Practical  Tin- 
plate  Worker.  To  whioh  is  added  nti  Appendii,  con  Wining  Instrnt- 
tions  far  Boiler  Making,  Menauration  of  Surfaces  and  Solids,  Roles  f<>.' 
Calculating  the  Weights  ofdlSerent  Figures  of  Iron  and  Steel,  Tables 
of  the  Wugfats  of  Iron,  Steel,  etu.  Illustrated  by  32  Plates  and  37 
Wood  Engravings,    Sto fS-O'-' 
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WAHNEB.— Ifew  Theorems,  Tables,  and  Diagrams 
for  the  Oomputatlon  of  Eartb-Work: 

Deaigned  for  the  useuf  B^ngiDeera  iu  PrelimianiyiuKlFiDBl  E«timat«i, 
or  l^tudenta  in  Eng^Deering,  anil  nf  Cnnlraclon  and  other  aan-profes- 
siuiial  (.'iiniputers.  lu  Two  Parts,  with  an  Appendix.  Part  1. — A 
Practical  TreaCiae  ;  Fart  II.— A  TheoreCical  Trcadie ;  and  the  Appen- 
dix. Contoiiiinjf  NoUs  to  the  Rule*  and  Examplea  of  Part  I. ;  bxpliv- 
aalioim  nf  the  CoDBtmction  of  Scales,  Tables,  and  Diagrams,  and  a 
'  Treatise  upon  EquiralentSqiiareBBMS  and  Eouivalent  Level  Ueishts. 
The  Kholc  illustrated  by  namerous  original  EognivingB,  oomprisiiig 
Kxiilaiialor;  Cuts  for  DefinitionB  and  Problenia,  StcreoiDetrio  Scal^ 
nnd  Diagrams,  and  a  Series  of  Lithogiaphio  Drawings  from  Models, 
showijig  ail  the  Combinations  of  Solid  farms  which  occur  in  Railroad 
Eieavations  and  Emlmnkiaeiita.  By  John  Warmer,  A.  M.,  Mining 
Bod  Mechanical  Engineer.    Svo $5.00 

WATSON.— A  Manual  of  the  Hand-Lathe: 

Couiprisitig  ConeisB  Directions  for  working  Kletols  nf  all  kinds,  Irory, 
Bone  nnd  Precious  Woods;  Dyeing,  Colonng.  and  French  Polishing; 
Inlaying  by  Venecra,  and  various  methods  practised  to  produce  Elabo- 
rate work  with  ]}iHpntch.  and  at  Smnll  Expense.  By  EORKftl  P. 
Watson,  late  of  "  The  Scientific  American,"  Author  of"  The  Modem 
Practice  of  American  Machinists  and  Engineers."    lllustruted  In'  il< 

Engravinga, $1.5(1 

WATSOlf. — The  Uodem  Practice  of  American  Ua- 
chinista  and  Engineers: 
Inoludbg  the  Construction,  Application,  and  Use  of  Drills,  Latho 
Tools,  Cutlers  for  Itorinz  Cylinders,  and  Dollnw  Work  Generally. 
with  the  most  ^-onomical  Speed  for  the  same  :  the  Results  verifled  by 
Actual  Prac^oe  at  the  LjLthe,  the  Vice,  and  on  the  Floor.  Togpih^r 
witli  Workshop  Mnnagement,  Ecnnoniy  of  Manaftkcture,  the  Steam- 
Engine,  Boilers,  Gears,  BelUng.  etc.,  etc.  By  EobebT  P-  WaTsok, 
late  of  the  "  Scientific  American."  Illnstraled  bj  S6  Engravings.  In 
□ne  volume,  12mo $2.50 

Watson.— The  Theory  and  Practice  of  the  Art  of 
Weaving  by  Hand  and  Power : 

With  Cnlentutions  an<]  Tallies  fr^r  the  use  of  those  connected  with  Ihe 
Trade.  1!t  .IoiiN  WaTsoS,  M.iiiiifncturer  and  PmeOcal  Machine 
Maker.  Illustrated  bv  lar^e  Dniivinjn  of  the  beat  Power  l^inras. 
hv SIO.OO 

WEATHEHLY.— Treatise  on  the  Art  of  Boiling  Su- 
Kar,  Crystallizing,  Lozenge- making,  Comfits,  Qum 
Goods. 

l2mo 12.00 

WEDDtNQ.— The  Metallurgy  of  Iron; 

Tlieorctically  and  Praeticallj'  Considered.  By  Dr.  HgrMaxn  Wed- 
lii:ia,  Professor  of  the  Melallnrev  of  Iron  ut  the  Rnyal  Mining 
Academy,  Berlin.  Translated  by  ./n.iCB  Du  Moht,  Bethlehem,  Pa, 
lllnstrated  by  207  Engravings  on  Wood,  and  three  Plstva.  In  one 
volnme,  8vo.    {lapren.) 


{ 
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wrUk— Tables  for  QualitstiTe  Chemical  Analysie* 

Br  Prois9sor  HxnoLiCH  Will,  o^f  Gine^n.  G«niMmT«  iS^v^nth  «<\l^ 
doo.  Tnaslatecl  br  Charuss  F.  HiMifi^  Ph.  D.,  l^ro^Knor  i>f  N»ltt< 
nl  Scienee,  Dkkiiisoii  CoUege,  Carlisle,  Pir.         .        .  ;^U«V^ 

iirTT,T.TAira,-Ofi  Heat  and  Steam: 

Embncing  Xev  Views  of  Vaporiauioo,  OondeDsalion,  und  KxpUt«i«Miiu 
BjChajllbsWtb  Williams,  A.  I.  C.E.    IlIiMtnted.    $vo.     ^.^V^ 

WOHIiEB.— A  Hand-Book  of  Mineral  AnalTsia* 

Bj  F.  Wohlkr,  Professor  of  Chemistrr  in  the  rulveraitv  of  UtiiUi^ 

go.    Edited  hj  Hexby  B.  Nason,  ^fe«8or  of  CheuiUtry  iu  tho 
nisselAer  Polytechnic  Institute,  Troy,  Now  York.    lUusUrittH).    lii 
one  Tolnme,  12mo •        .        .        .        |3  W 

WOBSSAM.— On  Mechanical  Saws: 

From  the  Transactions  of  the  Society  of  Engineers,  1869.  By  8.  W. 
WOBSSAM,  Jr.    Illustrated  hy  18  large  plates.    Svo.     .       .       |^.00 


l' 


